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SECTION 1: INTRODUCTION

Omaha Public Power District (OPPD) has submitted Alternate Seismic
L Criteria for the Fort Calhoun Station to the NRC in December 1988. The

proposed criteria covered piping and pipe supports, electrical raceways,
HVAC and associated expansion anchor bolts. In conjunction with thei

criteria, refined seismic response spectra were generated and submitted to
the NRC in February 1989. '

In December 1989, OPPD received NRC's qusstions and comments
pertaining to the criteria document. OPPD decided to pursue further
Licensing on refined spectra, piping (mainly the PVRC damping) and
HVAC, and subsequently submitted responses to NRC's questions in July
1990. The latter submittal included the response to a question related to the
generation of the refined seismic spectra , as requested by the NRC. In
August 1990, OPPD received questions on the calculations related to the
generation of the reflued seismic spectra submittal in the form of Open
Items (01) and Requests for Additional Information (RAI) (Re erence 1).r
The responses to the 01 and RAI are included in the present report.

There are a total of forty OI and RAI related to the seismic spectra
generation. The response to these questions is presented in Section 2 of the '

report. The NRC questions are grouped according to the corresponding :
document (a tota! of XI groups). For each group of 01 and RAI (each group '

herein referred to as " Question"), the OI and RAI are repeated first and are
f followed by response. References are included in Section 3. ;
'
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SECI10N2: RESPONSE TO NRC QUESTIONS

'

QUESTION I:
r

Document: Impell Corporation, " Generation of Artificial Time '

Histories,'' Calc. No. TH 1, Rev. O, Job No. 1890 027 1355.

(1) OI: (a) The Standard Review Plan (SRP) (NUREG 0800)
recommends that the Power Spectral Density,

function (PSD) of an artificial time history used ' r
t. single time history analysis meet a target PbD
spectrum (NUREG/CR 3509).

(b) The floor resoonse spectra were calculated for a
number of damping values ranging from 1 percent
to 10 percent. To meet SRP requirements a check
must be made that the response spectra of the
artificial time history envelope the design response
spectra for all osmping values used in the response
analysis.

(c) The SRP recommends that the stationary phase
strong motion duration of the artificial time history
should be between 6 and 15 seconds.

(2) RAI (a) Provide the information that the intent of the SRP
recommendations are met.

(b) Provide Impell's version of SIMQKE together with .

Its user's manual.

1

RESPONSE TO QUESTION I:

(1) OI: (a) The PSD functions of the three artificial time histories (NS,
EW and vertical) are plotted in Figures I.1 to I.3. The PSD
function is computed as: '

2PSD(w) = IF(w)l /(n T ), (1)p

where,

w = frequency,
IF(w)I = Fourier amplitude evaluated over strong motion

duration To, and,
i To = strong motion duration (equal to 8.0 seconds)

Page 4
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2 s/ PSD units are in f,,e ,

Plotted, in Figures 1.4 thrcugh I.6, are the average PSD'

functions generated based cc 120% averaging centered
about each frequency. The average PSD functions confirm
that there is no deficiency of power present over any
frequency range.

The target PSD contained in F JREG/CR 3509 (PAference
13) was developed to be compuaole with Regulatory Guide
1.60 spectra. The Fort Calhoun USAR design ground
spectra, which wex used in the soil structure interaction
(SSI) analyses, are not compatible to Regulatory Guide 1.60
spectra. Therefore, the PSD obtained from the Fort :

Calhoun time histories is not comparable to the PSD
J recommended in NUREG/CR 3509. The artificial time

histories were developed according to SRP, Revision I
recommendations (Reference 8), which do not include PSD
?rovisions. All other enveloping provisions in the SRP,
Revision 1, as discussed below in OI(b), are met by an ample

'

margin. '

(b) Checks were made in Impell Calculation THG 1 to verify
I that the responso spectra obtained from the three artificial
t' time histories (NS, EW and vertical directions) envelop the

. USAR ground spectra. The spectra checks were performed
for 2% and 5% damping, since the USAR design ground
spectra are available only for 0,0.5,2 and 5% damping. The
results from the checks are also included, in Figures I.7 to
I.12, which show that ample margin above the design
ground spectra exists for all directional time histories and ;

damping values. '

In the SSE analysis, viscous damping was specified as 4%
for the steel piles,7% for bolted steel members, and 7% for
concrete, according to Regulatory Guide 1.61 (Reference 10).
Even though no component in the structural models has i

damping less than 4%, the spectrum enveloping checks |
were performed for 2% damping as well.

.

It is known from experience that, in general, if low i

damping time history spectra envelop low damping design
spectra, high damping spectra derived from the same time :

history will envelop high damping design spectra as well. i.
Therefore, the enveloping check with 5% damping is
bufficient for damping ratios higher than 5%.

I

+
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Based on the above,it is concluded that the time histories
I are conservative for all damping values considered in these

(c) The stationary phase strong motion duration of each of the
three artificial time histories (NS, EW and vertical) is 8.0
seconds (Reference 4). This duration is in the range of 6 to
15 seconds, as recommended by the NRC in Reference 1.

(2) RAI: (a) Pertinent information are provided in the responses to 01
(a), (b) and (c) above.

(b) The User's Manual of Impell's SIMQKE computer
program is prosided in this package as Attachment 1. The

.

source code of the program is included in the User's
'

Manual. |

|

;

l

i

(

!

Page 6

A __



. . . . . _ - . _ _ - ~ _ _ . . _ . - . - . . . . . - - . - - - - - - . - ~ . - - - - - - - - - . - - - - - - . ~ - - - - - - - . - .-

.

D 1
I .

.,

O
o

gill l'I"! IIll'I'I'" lllli'l"! I Illi'll
EI .R 11 1 I NElIl I EEll! I I Ell

-

EN C 11 I I RElII I ..III [ l RIl . l j~""

K MiliI Ellli 1 IIlliiI Ell - '

|IIlli|I IIIIII IIlltiI III i ; !I
'

'

||l1Il Illlll 1|||||| Ill
.

I b =
.

-

,, -. . g ..._. ,,,, .._, , ., . .,
,

p. . , ,,..

,

m .-

1g !z o
'

& "1"
, . . . ,,-- , . . .., -. .

,- ;

1:,.c :- : c::::
.,.. .., ., . - . . . .- ,,,,

..:.,; 3 3.. .

,
_ y a5; a

bw
,-

. _ ., ,,- - , ,.. .. .... -. - ; .

g x.. . .... . .._ .,. ; >
III o 1,

i. g. _ . _ ...3 ..

_.b g fgC
$ ||

- ; :.,,...- .. . . . , .

c p
[_ ....::::~ : . _::::F: = "-

. -- e
I, .. . I , , ..,, B ......m,,. -

%._... .
..... ., ....,| E11

E T
~ ' ' "~~

E Emp(! 11 IIlliI Ell
'

#~

H - Ill!fU~ 11 IIlliI III &
'

H IllHtf Il 1I111I Ill
_

"

E'

-

_

B 1110 1 111 IllHI Ill
~

II ||1X|| || |||||| E
.-..< a . . ..g

Lu ML LallELlluall,ua,liu -
.

*o e e r e
o o o i

f o Oe
o v-

.

o
(C..oes/g..ul) OSd "

O E-
C

. _ ____ _ _ _ _ _ ______._ __ _ _ _ .._ _ _ . _ . _ . . . .____.__.__.______.:



. ._ . . .. _.

p ,

V !
1

i

d-
|
i

5,

, . i

; Power Spectral Density - EW -

<

100_
_ _ _ _ _ _ _= - - = - - = - - - -

-Z 'r
-

r x = . . .m
. . . .
-

. . . : 1 .

L m I i i I i iiiI i i
.

a f | :
-

,

""" ""' "" " '

| !!!!!!!!! '"' E-.!. E !! !- _ - - - - - ,

^ "== = ,=.
. ".

"""" "I = ::; : *

M . -- - -- a ;
-- - ,.,

*i - - i-, ..,. -- - ( '

i j i*
O ,

m.ums. u muun .u a e a m .un.mmum um a m ftp === = === == = :: : ====: = = = !
-

g3 ==== :=.=_= _=-.
- : "='=_=.=.= {'

-.

; g.- .- 4
- ,-- . - -

,
__- cg - ,-

d. ;. i :C !"""! !!!"! !!!!! !!! !'! !!! - '!!!'!!! !""! !" !!!'!! !-
==== ==== = == =::: ===== === (

--

CC=C:
- . " .

'- . . '

,q_ ', '_'_
~ C".".".C =* ' _' _ _.{a

d ;. -

,_, <_ -_ _ __ --

Q 0 01 8 I i :
_

1 m - m .. .m - -- . w 1

| 1 2 'A 5" 3 3
; m . , ,, . .. . . . ,.
t L i ! : ? si!ii E IH i : n i 1i3'

L : i t ilii 4 ' l' i itIiid !i I i i
_ .. .

_ _ -
.

_.

-

.

=_. .,
- -- .

o , , 1 v , , a

1.0- 4' aid'e a' i a a i 2 ai AI i i< i a' d''
' ' ' * * ** *' ' ' ' '

~

I - < ' <
.

0.1 1 10 100.

t

; Frequency (Hz)
1

,

| Figure I.2 - Power Spectral Density Function
i Artificial Time History, EW Directior. !
; t
'

r
i

Page 8 f
j

t
i

f
i .

e - v .e- _ _ _ _ . - _ _ _ - _ _ - _ _ - _ _ _ _ __ _-___.___-_____.__.-__-._--_.2- . - . _ _ _ - _ .
-



| ..

,

Power Spectral Density - Vertical

100- -

-

_

- == -
-

_

=

E ; ; ;;;. i ;
-

I i iiii i i m
L

L i Itill I !E

10 i :, - . . . -
-i
-

. ;2; -- ;1.,
-

_ , , .
- ._

co =_ n ' ==<=
L I Vi "Ill V ..I

- _ _ _ --

* =
* - u =====_

--- -m m-- -
0 m === -- - - - = - m -

:qg EEEEEEE EE EE a =====
--- -- - - - - - - --

,

." 0.1 isms's: = = = = i =====s == = = = =-
- -- ==:== = ==

* - I O :: ="==:":
C E

!L - - _--

C
|Eli|EEi i== ii=i lili = E || : E=iE|E=ili =ili=ii||=L| =E i= E|: REE =iu I: EE

_ __
-- __

o _ - -- =====
m , .-

- m._ mi nn-u) -

o.0.001 -L
!Il 1 19El II

- =__

-

idE . .
: : ;ma ; ; .a

.=> ; ;m_ ;

L 1 i fit i i l i 18' I i i i ill

- :
- :

- - =.-_-

=
-

=

=__.

._ , , i, i i i i i.> m._

aal , 4 a .i i demini., 4 41 o .. o e om-5 s a o .| <"

0
0.1 1 10 100

Frequency (Hz)

Figum I.3 - Power Spectral Density Function
Artificial Time History, Vertical Direction

Page 9



. .

o
og IllN''!' I|||15"5 |||l'15 ||||I5" |||19 5 ||||1R"! |||15 5 "' ' ""''" 7

g .,, .,, . .. ..

n '

R
'

;_ ..

H ;

| EM Pz 1

y( ;

* # ar
m!

- '' OR b.'
|W , "

af. . ..
v-- egg <

g d ' " _ 3 [ $5~

,

3g'
. ; -

,

y y.y - . ..
,

g g&'m .. . . .. ;

.i!E a
6 ,

' - - ; g :c.,

w I t t
e | EP

E a,
'-

<
g., 3

- - -
,

= _ . .,, ... .
_ <ss

,,
; .t- -u ,

I 3.<- - .

= E=
'Q. g;

tE
_ ,_

, , _

e-
Iliu.J llla,i.J llaliiJ lllla,i.J lliuJ lllla,i.J lilluJI Iliad. -

o
/ o ,- ,- ,- e

o o o 'o
" Oo r

o.
O e

(C..oes/g..u!) OSd
~

'

E
C



-

,
_

. . -
.

. . .

9

Power Spectral Density. (Average) - EW

1 0 0 1_ - - = -

-

_

=
- -

__

-

-;_

,

o , , , .

- a

:||||:: :: =i d$ 5 ! i - sans !sE =! = : : : - ==== m
x .

m-
. %. ae

: i i=%J il-

o 1_ .

_Ee z .

, =m z .-

$ t i A p
: L i X 1 11

C =
'- --

-
- - =

-
.

amm., e

b g s g g i g d

@0 I- I ' '
v> 0.01 - - , , ..,a .

'' F- G., ,,

7 i =, i 3

L i i 11 in I il al'

- ;_- -

.E 13
. .L. .

;. . ,
, ,

- . . . . - Jt , , i

~#' ''' ' ' ''' l ' '' ' ' ''''' ' '' ' - '''' '' ' '10
O.1 1 10 100

Frequency (Hz)

Figure L5 - Average Power Spectral Di nsity Function
Artificial Time History, EW Direction

Page 11

-
- - . - . -

-

_
, -. _ . _ . . - -- .- -- . _ - - -

.



O O

Power Spectraf . Density (Average) - Vertica!
~

10 =
- -

- --

; =

= n -

-
u =A._.: -

__
,:

n
,

_ .

- t r x a
% a~

- - - . .
_

4--
- +. . _ .

e _ r 1 _ .

. X . r *41; _

0.1 -
I \ l'.''

_
.e ,

'= - ~r \as -

N ; s
_

L,& _

. .~
. t .a

3.

.c --
._ i

_ -

-

- - --
-

r ; . es.~ . . .
. . . . i i a.a ' l' ilI l' ! _I --v> 0.001 r

k y"e. . __

_
_

: s.. . .

-
ii i 113

'
_

i 8 1I l' -

I i||11 1 I ill>
-a_ _ _. _

.- -. 3 j
_

. . . i , i i s ui i
i

_ i . * * .i i * i

8 ' ' ' '' 1 ' ' ' ' 'd
10~ '' # '- ' ' ' ' ' ' " ' '

0.1 1 10 100
Frequency (Hz)

Figure I.6 - Average Power Spectral Density Function
Artificial Time History, Vertical Direction

Page 12

. . - . . - .. - -- . .
- - . . . - . - - ~ . . - ~ . - - - - - . .

-
.

.. ..~. .
.



___- ____ - _ _- _ _ _ _ - - _ _ _ _ _ _ _ _ _ - _. - . .

,

,m, m
M

. ~ .
-. . n'

,

,

:
,

Comparison of Response Spectra - 2% - NS'

: ~0.7 _ i i . i i i i i | i i . . i i i .i i o i i r oo u :
_ i i i !
_ I J !

, _ IEE I

0.6 _ IEE F
Time History'[ :-|

.

-
_ n i

|
_ li1H 't

_ EI T ~

, ,

^
_ E E I L !

,o! -0.5- _ W I I
_ i i i =

_ -E i K 1 -

|g-* _ i su s : a r , t
,

O - E IN I i 5 '
. i . . !

.

'

n a - I ' '-- I i' EL pi _ ~ .

'

,
g U.4 _ # A I 1.. i

-
' r

e.. s
_ y / N T: 1

,

h , ,

1 @ _ E F i h n\ f- ' ~~ ''
a

|
g _ a a 1 L rm s

| g no =E /. I i i 'LF
O U.0 _- |* E I I I L aM

}<( _ sf I i I ' opf 1
i

_ fI I i %8 1 !,,
_ J.*'I I I 5 At--

sm- f I i Y v ww a n0.2 _- I'r- I I A F: P 1,

!

_ J F ! I I . ,

8JF * I i : 5 -L I,__- AW D I I E tsL '

r - i i e i =0.1 _ m
,

, i i , ii
-

_ # , i L |
m

_ 7 i : i i i i i e i L
_ E I * ! ! !. !

. . _ g |

,

_ J i i i af i i 16 : j
s s- a s a s a a a i a a a aaas. a s, a si eaaat0

; 0.1 1 10 100
|

| Frequency (Hz)
,

|
,

1.

Mgure I.7 - Comparison of Response Spectra (Time History vs. USAR)
,

NS Direction,2% Damping,

,.

l
| Page 13
|

_ _ . . - _ . _ . _ _ _- -- -- - - - - - - - - - - - - - - -|



- _ ,

4

O CT CT

t

Comparison of- Response Spectra - 5% - NS ;
.0.5 o r .i s q r i r ser vig- i i r io r i.- : : : : : : : :: : : : se

_ i 3 3 i 'i 3 I i!lill i i e ! IIii
_

i i i I 1 11 i < ! ! ! ! ! 1 ! ! i
, _. I l li fit r % _I L
I i i

'
it' I Time History ' ' ;' g'| 0 4- i ; i;; y ;.

!
,

! 3
_ l- i i i! i / i ii i ,i.^

_ i i
i i I i I 1,

1 i A f L f |
* "

5
t ,

-- 0.3 - s i Ils ! ' L '

|c n '- .

1

_ iy i ri' r- r

USAR i i
'

,

2 . t i1 r% i ju J * '

l 3 _ ! Al I I: A I 2 ,/

@ _ i i i IIJ \ 14 G i i |

, ,

< 0.2 _ i i I '/! W 9M ! i 'c
_ i s l/ I' ! I N U i Vi i *i i ;

I /l / i ! I Il i~ i. i.

_ 'f/ ! ! ! I i i lei*

_ i J 6! ! i ! I i i
5 # 11 i i !I 11 ' ! 10.1 -

_ f, , , ; ; ; i i ; i iii i , I, i# ii il i i i i!iii! i i ! I li ;.

_ A i !! ii i i i i-i!!!! ! i i i!!!! !n
'

_ i ! 11 !!! ! I i i!!!!! ! i iili!'

;
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '

O

0.1 1 10 100 i
,

'
Frequency (Hz)

;
.

.;,

!

Figure I.8 - Comparison of Respanse Spectra (Time History vs. USAR) |

NS Direction,5% Damping-

!

'Page 14
,

%

___ _- _ _ _ _ _ _ _ _ _ - - ' _ . _ _ _ _ _ _ _ '- - --

_ - - --- -- __ _ m _ - - _ _ --a -

_m -.-_- _ __--"d__ --- -_-__ _ ._ _. m
'' - ' ' '



' ~ ~~

~

'

.

.

.

Comparison of' Response Spectra - 2% - EW g

10.7 i i r i .i i it o i e - i_s o r s i o its um u ;.

_
8 I i i * I ! i

_ i i i i i
_ i Ii J 7 .. ,

I Time History [ L,0.6 _ i e ilan * '

_ i is- t 2 m
_ l RIER m i i i

_ i i .isun Ii i

~

i Rif EE I I I^
_ _

l .A W EE. I-

S 0.5 _
,

.

_ am v .eu I
Ei i E I

C - * ''' 8
-

' =

() _ i I I '

< .

m 04 _ kI i 11p
_ is a si .'4 _ * RF: 3% I; 2"

'
=e USAR f,,

_ as i 3 y a i
g _ .. ru a L r *

O 0.3 _ _E V I I e i 5 m # 1 ! * __
t o ;

(
_ cf1 i i t .v i i i
_ ! .a s II i i i ! JL J rl i i ! ;
_ i _F i i i ! ! Ex N i ! 1 !

, _ N = 1 I i II i 1 e i I
_ i r- i i Y , i i i _.O.2 _ PL. h i ! NNAn i i i

-

. I A i i = * ! =-
: , _ ,

_ i QF : i i i is! I i i n i= '

_ J '! ! i i i li! ! ! i i i. !
'r i i i i i <!!! i i i i !_O1 _ = 2

_ . i r,i e i i i i mi i . . i s it
_ ;#: : + s s s e e s : L
_ # i i ! i i i i i i i ! _! i i i

i ! : i ! i s, ! ! ! ! i i 1, i i : i i i '

,

a a a e a e a al e a a a a si ai a a a a aaasi *

0.1 1 10 100

Frequency (Hz)

,

Figure I.9 - Comparison of Response Spectra (Time History vs. USAR) !

EW Direction,' 2% Damping
,

t

Page 15
,

s.. . , . _ . . . . , , , ,



.
- -

-

: ;.. .

Q
-

hy
.

Q,
n

- Comparison of Response Spectra - 5% - EW
0.5 i i i .o i i i on o 5 o 5i o r i n i i o i o , og '

_

_ i .i.
_ 'l i i i i

i* r YTime History "|-

'0.4 - a _ 11 i

L J
?.

-

_ I
.

,I M. i i , , ,

,
,. .

1 , UMi ! I i i i

.$ _ 'l 1 L 'W W 11 1 I ! i !

_ i 1 Y .I R f i-
,

'I
~

' ' ' b ! Ic 0.3 - '

j
_

i t i , ; , , , :o
_ i "Ps * '

g l _j, i,

|
_

2
_

. /' \ u

8
_ i / \ d L- g_

^ )-u * >,

_. i i !

0.2 - /J! j \ i i '\ ^ L

4
_ if ,- , i,s vi , _ ,1o .

I V I i III Y ,w .;6 i
; '

.

!
_ A / i i !! l ! ! Ili !

_ /t/ ! li ! I i i
! .

0.1 _ J /'t I i! i ! i !
.

' _
f, g i, ; .; , i ;;; i i ,1

! A" i l i l i i i f i i!! I I!!!! |.

t /! i- !I li i i i Uj! I i i iiit !

_ F il ! I' i ! !!iii! iig i
i idii de l o i d daadds i daddai i i,

0 !
t.

0.1 1 10 100 !
,

Frequency (Hz) )

Figure I.10 - Comparison of Response Spectra (Time History vs. USAR) !
EW Direction,5% Damping

,

t

Page 16 !

!

_ _ _ _ _ _ _ _ _ - _ - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - __ . . . . . -- .-. -- .~-



j

] . Comparison of Response Spectra - 2% - Vertical ;
'

O.5
I I 4.4 41: I: 4| 4 4 4 I E444I 4 4 4 4, 4 4 4 4'

_ = :
--

: =- u

_ ! i i i i!! I i i- i !i i- ! ! ! I ii!
_ i i i ! iii i 1 -i la !Il!! Ij.j,''

-

t i i ! iii i i 7 i s i !_i f Time History _L,
0.4' - ! i ! i i it i i 1 i ill Y i--

I i ! li || | l '' A Ii V i i i iill!,. .
'

4 -
_ i i ii !!! ! !-li W i!! i ! I i ! i I !." ! *i 111 i A ll n!!!!! l ! ! ! ! ! ! !.

i i 11'i1 _j IUi tilh i i ! i i ! ! i l l i.

E 0.3 - ! !! i! !! i- 3. ' ! !W F ! !- r
-

~iJ_LL
! !.

;
_ ! * ! i11:: E fi iiIi !!A USAR d!

2 _ i i i lii!! Rfi i-i i lill A J l ! ,i.
_S_ _ i ! I i 11 ~ !! I' /E Ni! LH /t ! ! ! iii m

e i i i i i il .J/ iN ! f!V V i ! ! ! !iI
8 '0.2 - 1 i i t i ili IW ' iA l l i/1 A i i i i iii*

'

i

<C _
i i i i!!! . Mi ! ! !! W' Ti ! ii i ! !.,

I i iiil/V ~ ! ! i iiINJ i li i iii ! !..

_ i i !! // i i i i ilii:\ Ni ! ! ! I i ! !. '

I i ii fj| | 1 i tili N N L i ! _ i l ' i,
,

0'1 - ! ! ! iiWii i i ! !i!!!! ! * * * ** -
i

_ i 'l ! i Mill i ! i i iti!! ! i i i !! ei
'

I i i#1 i || i i i i i lili i I i ! i i !..

_ i 1/T !11 li i i i i!i!!! i i!!!11.
_ 'r1 i i i ' ll

i ! '!!!! ! ! !*!i 1.

'' ' ' ' ' '''''' ' '' '' ' '''' ' ' '' '''''0

O.1 1 10 100

Frequency (Hz)
i

Figure I.11 - Comparison of Response Spectra (Thoe History vs. USAR)
Vertical Direction,2% Damping

i

Page 17 r
i
;

.t
. _ , _ _ _ - - . .,

_ , . - .



.

~
n ~ p

J.

Comparison of Response Spectra - 5% - Vertical

0.4-

, , , , , , , , , , , ,
. 8 . ! s a; i s 3

_, , ,,:,3 , ,, , , , , ,,.
. s .] _ y ! a j

_ s 2 4 : 2 3 m s a s .. a s ! .i
_ s s s : e s [] : s * s 8 2 * si
- a ! s a s s i l s : 2 g . s i i : i 2
_ } i : .i i i i

_ 4
- 2 '

: | |s
_

f Time History d !
' '

03
_ s s : i s Ii i A J s [,' ,' ,' . '' ' ' ' ' ' + -

= i- '

_ _ s , i .. - , , ., m
{g - , t : a s s a q - ; it g : , ig s s i jv - i i + 4 si s s - s : i i i i i : -i+

_ i i i i I II! I i 5 s I IL
__ i i is

.
I I~i i i * I ' I _L

r

.o
_ s a s I i : E. i!E i 7
_ i i i -9 r Hi= USAR p:$.

'
-

i- i 1 . t- 1 m i na t 2
.

G3 _ , ,
i s i r ui rs , sa 6

,

m' 02 - ' ' ' + > - - .,' s = ' ' ' ' =
_ i s i . t i , s .* i , , = i m

@ h 8 8 8 8 E E* -- *%i I 3 #b _ _ __ ___8 a;
_ s i i i 'WE T a .;.% IE < I a s aa

1 ,

c_

o _ i i s s s f :S -
, %8 L I i i ~ i i

_ i i i r t i ! i f f 24 . ___El N
-

o. s i %F s -:
. m . . zu f . , s n

_ = s s : i _ w/ : s s , s -a -x . = i ;
? r s1 s s , e

_ 8 i * s I - 'af s = i s a

01 - ' * a '
. 3

_

'. ',
_

- - -=' * + - s >
_

=

I
_ i s ;- , , : i i s i i:i
. i i F.ri i i i i i i i i ~

m :
s

'

!
- i .JF i 3 + s i L+

=

_ i i #F i i s i : i i : i
a <smeF t e ! ! ! i ! i _.

i s/ i ii i
5 i i iii i s ! I c

m

_ # a s a : as
! : s a a s

_ .7 i * i i ii s i i s i i :

O.
_ s s i s i i ld i i ; id : i i e L" " " " "' "" " " " * ' ' ' "' " " '' " " ' "

,

0.1 1 10 100
a

Frequency (Hz)
t

!

Figure I.12 - Comparison of Response Spectra (Time History vs. USAR)
Vertical Direction,5% Damping !

'

Page IS|

i
i

. . . _ _ _ _ - . _ _ _ ' . . _ _ . . _ -- _

'



_ .. ._ _ _ . _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ . . _ . _ _ _ _ _ _

!

|
'

!=
' - QUESTION II:

Document: Impell Corporation, User's Manual Rev. O, Standard-

Computer Program CLASSI, Version 0.0,1986.
1

(1) 01: (a) It appears that only the SSIN portion of the CLASSI Jcomputer program was used for the Fort Calhoun
Soil Structure Interaction analysis (SSI).

,

1

l

(2) RAI- (a) Provide discussion and verification of Impell's 1

CLASSI version usod in developing Ft. Calhoun's
,

seismic criteria, i

RESPONSE TO QUESTION II:

(1) OI: (a) The SSI analysis of Fort Calhoun's Reactor Building was
performed in a two step approach

1. First, foundation impedances were computed using the
computer program SAS51,

2. Secondly, the solution of the equations of motion of the
coupled soil /str-+ure system, and computation of i

.. response acceN 1 time histories were performed
an CLASSI.-

|Q using the comp _ =-

This approach was reviewed and licensed by the NRC ;

during the Long Term Service (LTS) Program of Southern |
California Edison's SONGS 1 nuclear power plant
(Reference 5).

1

. In a conventional CLASSI analysis, the three CLASSI
modules GLAYER, CLAF and SSIN- (Reference 6) are
executed sequentially in order to compute structural-

response. GLAYER and CLAF are used to generate
foundation impedances. For Fort Calhoun,. SASSI was .

selected to generate the foundation impedances because of' 1

:SASSI's capabilities to model foundations with piles.
Therefore, the CLASSI modules GLAYER and CLAF were-
not utilized. The foundation . impedances computed by-
SASSI were provided as input to the CLASSI module SSIN. ,

SSIN solves the equations 'of motion of the coupled -)
soil / foundation / structure system in the frequency domain,
and then calculates the structure's response in the time i

domain (response acceleration time histories) using an |
inverse Fourier Transform technique. SSIN computes the i
response at all the structure's degrees of freedom by 1

% |
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almultaneously applying control acceleration time histories
in three directions: NS, EW and vertical,

:h
d.

(2) RAI: (a) Impell's version of the computer program CLASSI was
reviewed and licensed by the NRC during the SONGS 1 LTS
program (References 5 and 12). CLASSI is verified

Iaccording to Impell's Quality Assurance (QA) program,
which, for computer program verification and validation,
complies to 100FR50 Appendix B, ANSI N45.2 and i

ANSI /ASME NQA 1 standards. <

|

|

,

r

D:

|: '

,

1

|-
(,

'

-
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,

QUESTION III:

,/ Document: Impell Corporation, Calc. No. AUX 01, "Model l
Development of Auxiliary, Containment, and Internal

,

Building", Rev. O, Job No.1390 C 971355. l
l

(1)- OI: (a) The use of rigid links connecting the centers of
mass with the extremities on each floor in
formulating the dynamic model is not discussed j

adequately. |

(b) The inclusion of Ad2 terms in the generation of
model beam stiffnesses for shear walls does not
appear to be appropriate.

(2) RAI (a) Provide justification for the model development and ;

include a discussion of how the in house program
EDSGAP was used to establish frequency and '

modal participation.

RESPONSE TO QUESTION III:

- (1) OI: (a) When the structures respond in a torsional mode, the outery ,' '.
1 edges of each floor are subjected to rotational (torsional) !

'

<

LL accelerations as well as horizontal translational
L accelerations. Translational accelerations are induced to
l: the outer edges because of their eccentricity to the center-of-
g mass (CM) of the corresponding floor. In a similar fashion,

when structural rocking response occurs, the outer edges of
each floor are subjected to rotational (rocking) accelerations |,

as well as vertical translational accelerations. Again, thisE

i occurs because the floor edges are eccentric with respect to
L the floor's CM. -
L

| In order to capture both the rotational and translational
L response at the outer floor edges, massless rigid links are

added to the structural models that are connected to the CM
and are extended to the four edges of each floor. Thus, the I
rigid' links provide the spatial geometry necessary to model
the physical structure. - The rigid links are shown in pages

'

19 to 36 of Calculation No. AUX-01. The rigid links enable
the computation of translational response at the outer floor
edges, because the response at the outer nodes of the rigid'

| links is directly computed in the SSI analysis. The-

response spectra generated from the response acceleration
.

time histories of the outer edges of each floor are enveloped !

D
Page 21
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I

to produce floor response spectra to be used in the design of
components that are distant from the CM..-

(b) The lateral load carrying system of the Ft. Calhoun |
'Auxiliary and Internal Structures consists of reinforced

concrete shear walls. During an earthquake, the inertial
loads are resisted by the walls through shear action.
Bending deformations of the walls due to the inertial loads
are minimal because of the large moments ofinertia that
the walls possess in their longitudinal direction. The
fundamental mass participating modes of the Auxiliary'

and Internal Structures are shear modes. As an example,
Figure III.1 shows the fundamental EW mode shape of the,

Auxiliary Building for elevations up to +1045 ft. The shear
mode is confirmed by the linear shape of the deformation
pattern, as opposed to a parcl,olic shape that bending modes
exhibit.

2The Ad terms are included only in the flexural (bending)
and torsional moments of inertia of each stick model's
beam element. Because the fundamental modes of each )
structure in the horizontal directions are shear modes, the
inclusion of the Ad2 erms does not have any impact on thet

horiwntal translational response of the stick models. In |
the case of torsional response,'the inclusion of the Ad2 ,

terms is reasonable because the floor slabs have high in- |
-

\ plane stiffness and can adequately transfer the torsional
loads to the shear walls. 3

9

.I
(2) RAI: (a) Justifications for the model development are provided in

OI(a) and (b) above. ,
;

The Impell standard program EDSGAP is an enhanced |
and quality assured (QA) version of the computer program -

SAP, which is widely used in the industry. EDSGAP has
been verified and validated according to Impell's QA -

program, which complies to 100FR50 Appendix B, ANSI
N45.2 and ANSI /ASME NQA 1 standards. The usage of
EDSGAP in seismic structural analysis has been reviewed '; ,

and approved by the NRC in Southern California Edison's -|SONGS-1 Long Term Service program (Reference 5). In I

particular, EDSGAP was used in the seismic analysis of the 1

SONGS-1 Turbine Building (Reference 11). j

q

! o

|
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OUESTION IV:

Document: Impell Corporation, Calc. No. INT-01, "Intakt Structure
Model", Rev. O, Job No. 1890-027 1355.

(1)- OI: (a) There is no provision for accidental torsion in the
structural model. There is no consideration of
deformation relationship betweea vertical shear
walls and floors in formulating the stick model.

(2) RAI (a) Discuss the above OI and provide justification for
the model used.

RESPONSE TO QUESTION IV:

(1) 01: (a) Acculental Torsion

The atructural model of the Intake Structure does not
contain any accidental torsion provisions because it is used '

only for the purpose of generating in structure responso
spectra, and not for design verifying the structure.

,

Walla and Floors

k The lower part of the Intake Structure consists of massive-
reinforced concrete shear walls spanning the structure in
both horizontal directions. The structure's top part consists
of a steel frame. More than 90% of the mass participation
comes from the shear walls. The fundamental mode of the s

Intake Structure in each horizontal direction is a shear
mode, which is confirmed by the pattern ofits mode shape.
As shown in Figure IV.1, in the EW direction, the mode
shape up to 45 ft. from th_e basemat is'nearly a linear
deformation pattern, indicative of shear type response.
Ripd floors do not have any impact on the response of
structures that deform in shear, because the floors only
p'rovide constraint to bending deformations. Since the
bending deformations of the shear walls are negligible, the
flexibility of the floors does not afi'ect the structure's
horizontal response.

1

O
Page 24
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(2) RAl: (a) Discussion for the justification of the model is provided
above.

!

-

,

.

'i

:
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QUEST 12N_V:

/ Document: Impell Corp. "SSI Analysis and Design Spectra
Generation for Auxiliary, Internal, and Containment
Buildings", 9/26/88.

(1) OI: (a) Assumption of rigid mat foundation. Selection of
pile foundation impedances.,

(b) Impact of piles on ground motion soil column
properties for best estimate (BE), upper bound (UB)
and lower bound (LB) properties effect of building on
soil properties.

(2)- RAI (a) Specify the properties of the BE, UB, and LB soil
columns. Discuss and provide the necessary
justification or verification for the items listed !

under open issues.

RESPONSE TO QUESTION V:
|

(1) OI: (a) The foundation geometry of the Reactor Building is shown
,

in Page.11 of Impell Calculation AUX 03 (also shown '

H herein in Figure V.1). The area of the basemat that
(-) supports the Containment and the Internal Structure is 10

ft. thick. The remaining part of the basemat, which |
supports the Auxiliary Building, varies in thickness from-
5.5 ft. to 10 ft., as shown in Figure V.2. In addition, as
shown-in Figure V.3, the Auxiliary Building at basemat
elevation has numerous concrete walls which contribute 1

significantly i,o the out of plane stiffness of the basemat.
Furthermore, the' 803 piles of the Reactor Building4

. contribute to the overall stiffness of the foundation system in
the out of plane direction of the basemat, because the piles
are axial y very stiff and are driven into bedrock.'

Based on all of the above considerations,it is our judgement-
that modeling the foundation basemat as rigid is an
appropriate representation for the purpose of generating in-
structure response spectra.

|

The computation of pile foundation impedances is-
' documented in Impell Calculation AUX-03. The
verification of the methodology used to compute the pile
foundation impedances is provided in Impell Calculation ;

V-1. - Calculation V-1 describes in detail 'he extensive H

'

'
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'verification program that was conducted in order to
incorporate pile foundations in the computer code SASSI.;

I's (b) UB and LB soil-properties were not evaluated, only BE
properties were calculated. In order to account for
variations in soil properties '.4s well as in structural
properties, the generated response spectra for all structures
were broadened by 115%. This broadening is consistent
with the SRP Revision 1 Section 3.7.2 (Reference 8), and
Regulatory Guide 1.122 (Reference 9), which state that, if no
special study is performed for parameter variations in soil-
structure interaction analysis, the peak width of response
spectra should be increased by il5%.

(2) RAI: (a) Justification for OI (1) and (2) are provided above,

b
i

i

|

|

i.

.'

t
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QUESTION VI:
.

Document: Impell Corporation, Calc. No. AUX 31, " Design
' Acceleration Response Spectra for Internal Structure
(SSE Fvent)", Rev. O, Job No.1890 027-1355.

(2) RAI (a) Supply missing pages 94-103 and 94105 to 109.
.

|

RESPONSE TO QUESTION VI- !

|
)

(2) RAI: (a) Pages 94 to 103 and 105 to 169 are provided in this package
as Attachment 2. These pages show the smoothening of
enveloped spectra c.tresponding to the conter of gravity |
(CG) at elevations +994 ft., +1013 ft., +10381., +1045 ft. and '

+1056 ft. of the Internai Structure.

|
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(

QUESTION VII:

Document: Impell Corporation, Calc. No. INT 04, "SSI Analysis for
Intake Structure SSE Event", Rev. O, Job No. 1390 027-
1355.

(1)&(2) OI & RAI: (a) The Intake Structure consists of reinforced concrete
and bolted steel members. The FSAR Appendix F,
Table F 2 specifies 2% damping for bolted steel
assemblies; it appears that 7% damping was used
irstead in the CLASSI analysis. Provide
justification.

(b) The Intake structure is not embedded on the side
facing the Missouri River, its mat is 30 feet below
ground surfacs elsewhere. Provide justification for
the use of strain compatible soil properties
generated by SHAKE for a soil profile extending
from bedrock to ground surface.

(c) Provide justification for not using variations in soil
properties.

(d) The information provided does not clearly indicate
how the 3 dimensional properties of motion were

tO
' applied in the calculations. Provide clarifications
whether a' 3 dimensional simultaneous
applications of motion was used or a combination of
motions by SRSS to obtain response.

(e) Opting for a solution in the frequency domain and
also specifying a cutoff frequency does not appear to
be compatible. Provide ajustificatioru

(f) No information is provided on the contact condition
between piles and bedrock. Provide information
how this was accounted for in the calculations.

(g) Provide information why the potential for_ sliding
and overturning of the Intake Structure as a result
of seismic motion was not considered.

(h) Foundation- impedances were calculated for 22
frequencies. In order to capture the entire response
spectrum, including peak responses, the structural
response calculations should include responses at
the natural frequencies of the structure. Discuss
the above in the light of the results obtained from
the structural response calculations.
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- RESPONSE TO QUESTION VII:
L
L (1)&(2) (a) Critical damping ratios used in the analytical model of the

01 & RAI Intake Structure for all structural members were obtained
from Regulatory Guide 1.61 (Reference 10). According to
Table 1 of Regulatory Guide 1.61, for an SSE event, damping
for bolted steel strnetures and reinforced concrete
structures is 7% of criacal.

Because the Intake Structure consists of reinforced concrete
walls (in the lower part) and bolted steel members (in the
upper part), modal damping for all modes in CLASSI was
specified as 7%.

(b) The soil profile used in the SSI analysis of the Intake
Structure consists of:

(i) The bedrock (as a halfspace below elevation +934
ft.), and,

(ii) Soil layers between elevation +934 fh. and +974 ft.
(bottom ofIntake Structure basemat),

i The properties of the soillayers between +934 ft. and +974 ft.
are identical to the properties of the layers between +934 ft.'

and +974 ft. obtained from the SHAKE analysis. The soil
profiles used in the SHAKE and the SASSI/CLASSI
analyses are shown in the schematic of Figure VII.1.

(c) Similar to the response provided for Question V, OI(h), the
generated response spectra at the Intake Structure were
broadened by 115%. The 115% broadening is consistent
with the recommendations of SRP Revision 1 Section 3.7.2
(Reference 8), and Regulatory Guide 1.122 (Reference 9) for
broadening spectra in the absence of parameter variation
studies.

(d) The control acceleration time histories in the
SASSI/CLASSI analysis of the Intake Structure were
applied aimultaneousiv in three-directions: NS, EW sad
vertical. The control acceleration time histories are
statistically independent with correlation coefYicient less
than A0.16..

(e) The foundation impedances for the Intake Structure ne
generated at 22 discrete frequencies. These frequencies are
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documented in Calculation INT-04. Because CLASSI
operates in the frequency domain, the foundation

O impedances are calculated for a user specified
representatise number of frequencies and are sunequently .

interpolated at 4096 freouency points in the raage of the
frequencies considered ir the analysis (0.5 to 30.9 Hz). It

- has been shown that this method provides eccurate SSI
- results (Reference 7) and has been reviewed by the NRC in

the LTS program of SONGS-1 (References 5 and 12).

The fundamental horizontal frequencies of the Intake
Structure are 22.3 and 30.8 Hz. These modes account for

' 98% of the mass participation in each horizontal direction.
Impedances were explicitly calculated at 22.3 and 30.9 Hz,'

in order to provide exact impedance values at the
fundamental frequencies of the Intake Structure. The
fundamental frequency of the Intake Structure in the
vertical direction is at 47.6 Hz, which is well into the rigid
range.

(f) The piles are driven approximately 5 fl. into bedrock, as
:
1 documented in the USAR, Section 2.0 Appendix C
- (Reference 2). This condition is reflected in the SSI

modeling with the program SASSI. At the pile cap, the
piles are constrained by the basemat in six degrees of-
freedom (three translational and three rotational).
Therefore, the top of each pile is constrained to move
together with the basemat in all directions. The tip of each
pile is located 5 ft. into the bedrock. The tip of the pile

-

interacts with tie bedrock in three translational degrees-of-
freedom. The mtational degrees-of-frredom at the tip are
free. _

(g) For the generttion of upgraded in-structure response
spectra, it is not necessary to design verify the Ft. Calhoun
structures. Therefore, design verification calculations for
sliding and overturning were nd performed as pcrt of the

-

so :ra development work.

(h) Refer to OI(e) for the justification of the foundation -

impedances and the frequencies used in the analysis. !
_-

.-

O
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QUESTION VIII:

Document: Impell Corporation, Calc. No. AUX 04, "SSI Analysis
- for Auxiliary / Containment / Internal Structures (OBE

Event)", Rev. O, Job No. 1890-027 1355.

_
(3) RAI (a) Provide the analytical basis for the " Direct floor

response spectra generation" method employed in
the Ft. Calhoun OBE analysis.

-

RESPONSE TO QUESTION VIII:
,

_..i

; (2) RAI: (a) Impell Calculation RAN 01 and excerpts from the
theoretical background of the Impell standard program

-

SPECGEN are provided in this package as Attachments 4
'

and 5, in order to provide additional information on the
analytic basis of the direct floor response spectra

-- generation. Calculation RAN 01 documents the verification
of the SASSI module RANDOM, which was used in the
direct generation of the Fort Calhoun OBE spectra. The
theoretical basis of the direct generation method is
described in detail in Theoretical Background Section of the
Verification File of the Impell computer program

D SPECGEN (Reference 14).

.

-

M

-

4

:

b

- o
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QUESTION IX:

Document: Impell Corporation, Calc. No. INT 05, "SSI Analysis for
Intako Structure, OBE Event", Rev. O, Job No. 1390 027-
1355.

(1) 01: (a) The SRP recommends that the input motion be
applied at the top of competent material (elev. 934)
or at an outcrop.

(b) The natural frequencies of the Intake Structure
should be included in the foundation impedance
calculation and subsequent SSI calculations.

(c) Upper and lower bound soil properties should be
included in the SHAKE calculations.

(2) RAI (a) Provide Impell's versions of SHAKE theoretical
basis and user's manual.

(b) Provide Impell's version of RANDOM theoretical
basis and user's manual.

(c) Provide analyses which include a, b, and c
conditions discussed under 01.

O
- RESPONSE TO QUESTION IX:-

(1) OI: (a) The seismic control motion is applied in the free field at
elevation +974 ft, which corresponds to the level of the
foundation basemat of the Intake Structure (refer to the
schematic of Figure VII.1). This is conforming to SRP..
Revision 1 Section 3.7.1.I.4 recommendations, which were
available during the duration of the' alternate spectra
development work.

(b) Refer to Question VII, OI(e) for justification on the
foundation impedances and the frequencies used in the
analysis.

(c) Similar to the response provided for Question V, OI(b), the
generated response spectra at the Intake Structure were
broadened by 115%. The 115% broadening is consistent
with the recommendations of SRP Revision 1 Section 3.7.2
(Reference 8), and Regulatory Guide 1.122 (Reference 9) for
broadening spectra in the absence of parameter variation
studies.

O
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W

(2) RAI: (a) The ' User's Manual of Impell's version of the program
. SHAKE is included in this package as Attachment 6. The-

j source code of the program is included in the User's-
Manual.

(b) The User's Manual and the theoretical basis of the SASSI
module RANDOM are provided in this package as ;

Attachments 4 and 5.

(c) Justification for OI (a), (b) and (c) is provided above.

1

o

( .-
L

O
,

|

L

.

O
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OUESTION X:

l Document:' Impell Corporation,~ Calc. No. SOIL-1, " Development of
' Soil Properties for SSI Analysis", Rev. O, Job No.1890-

027 1355.
!

(1) OI: (a) Soil profile at the Ft. Calhoun site includes a few |
layers of very soft to moderately soft sands to a depth

,

of approximately 60 feet overlying competent J
material. Applying the ground motion at the top of 1

these soft- layers produce unacceptable de-
amplification.

(b) Strain dependent shear moduli and damping
degradation data provided by Seed for sand type
materials were employed in the SHAKE analysis.

L A study to verify that the materials at the site
! correlate with those used for the data generated by i

L Seed was not performed.
t

() The USAR states that the use of piles to support the
L structures at the Fort Calhoun site were a direct

consequence of the liquefaction potential at the site.
The present analysis does not appear to address this

L condition.
.

(d) The SRP recommends that variations in soil
| properties be included in the SSI analysis, i.e., i

! upperbound and lower bound soil properties as well
as a median soil property.

(e) The selected value of 3140 fps for the shear wave
L velocity in limestone does not appear - to be

corroborated by test data.

(f) The effect of building containment to GMAX was
not discussed.p

1 -

L (g) Damping results are not discussed.

(2) RAI (a) Provide a justification for the apparent
discrepancies listed under the 01. In particular,

L justify the use of SSI, under soil liquefaction
'

conditions.

{

'\
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RESPONSE TO QUESTION X:

O (1) OI: (a) The soil column SHAKE model developed to determine
strain compatible soil properties (shear modulus and
damping) contains soil layers from elevation +994 ft, to
elevation +934 ft. (top of bedrock). The control motion in the
SHAKE free field soil analysis was applied at the level of the
foundation basemat. This is consistent with SRP, Rev.1,
Section 3.7.2 recommendations -(Reference 8). The SSI
control motion in the SASSI/CLASSI analysis is identical to
the control motion used in the SHAKE analysis. Therefore,
the control motion used in the SASSI/CLASSI analysis was
not a demmnlified control motion.

(b) As documented in Impell Calculation No. SOIL-1, the
average Seed and Idriss curve from Reference 6 was used
as the soil damping ratio variation with strain. This curve
was employed as a representative variation of the sand

i material in the Fort Calhoun site to be used in the SHAKE
analysis. The selection was based on the following
considerations:

Geotechnical investigations performed at the Fort Calhoun.
site as part of the preliminary design of Ft. Calhoun Unit 2
(Referenca 7; also included in Calc No. 80IL-1) show that

..
soil damping ratios from resonant column test data and
cyclic triaxial test data are contained in the area shown
between the dotted lines in Figure X.1. The average Seed
and Idriss curve is nearly identical to the upper bound of
these test data. Since energy dissipation due to frictional
forces between the piles and the soil, and between the
basemat and the soil are not accounted for in the SSI model,
using the upper bound - soil damping data are, by
engineering judgement, more appropriate to represent
realistic energy dissipation conditions at Ft. Calhoun
during a seismic event. Furthermore, the use of the Seed-
and Idriss damping curve has been shown'to give excellent
results in experiment vs. analysis correlation studies of soil
-response of similar sites -to Fort Calhoun (refer to the
discussion in item (g) below). Therefore, the use of the Seed
and Idriss average damping curve is adequately justified-
for the computation of strain-compatible soil properties.

(c) ' Soil liquefaction is a geotechnical design consideration
involved in the crisrinal site evaluation of the Ft. Calhoun
Unit 1 plant. As such, it is addressed in the Ft. Calhoun
Unit 1 USAR (Reference 2), Section 2.0, Appendix C. The
SSI analyses were performed under the assumption that

Page 41
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the soil will not liquefy during a postulated Safe Shutdown
Earthquake.

(d) In order to account for variations in soil properCes as well
as in structural properties, the generated response spectra
at all structures _were broadened by A15%. The 115 %
broadening is consistent with the SRP Revision 1 Section
3.7.2 (Reference 8), and Regulatory Guide 1.123 (Reference
9), which state that, if no special study is performed for
parameter variations in soil-structure interactian analysir,
the peak width of response spectra should be !.ncreased by
115%.

(e) The selected value of 3140 Naec for the shea': wave velocity
in limestone is representative of the avert.ge value of all
rock material below elevation +934 ft., and is derived from
the geophysical data shown in Figure 4.2 of Impell
Calculation SOIIrl. To demonstrate that a higher shear
wave velocity value selected for the rock material does not
have any impact on the results, an additional SHAKE
analysis was performed. In this analysis the shear wave-
velocity of the rock is arbitrarily increased to 6000 Naec, and
the soil response at selected . depths is compared to the
original-analysis results. The analysis results show that
the free field soil response spectra with 3140 Naec rock and
with 6000 Nsec rock are identical at all depths. Therefore,
the shear wave velocity of rock has no impact on the results.

(f) The vertical gravity loads of the Reactor Building are
directly transferred to the bedrock through the piles. The

. overburden pressure caused by the weight of the Reactor
Building is supported by the bedrock. Therefore, there is no
effect on the soil shear modulus caused by the weight of the
Reactor Building.

(g) The strain compatible soil- damping ratios calculated by -'

SHAKE and used in the SSE analyses are tabulated in Table
5.1_of Impell Calculation No. SOIIrl. The damping ratios
vary from 3.7% in the upper layers to 8.9% in the bottom
layer, which directly overlies rock. The computed damping
ratios are reasonable and consistent with experimentally _
measured damping ratios for soft soil sites subjected to
earthquake motions of magnitude similar-to the Fort
Calhoun motions used in the SSI analyses.

The reasonableness of the damping ratios is adequately
demonstrated by the comparison between the
experimentally measured and analytically calculated soil-
response at the Lotung site. The Large-Scale Seismic

'
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1

Experiment at Lotung, Taiwan, sponsored by
EPRIMRC/I'PC (Reference 7), provided the means to assess

i the accuracy of analytical tools to predict SSI response. As
an industry investigator, Impell_ participated in this
program and evaluated the SSI response of the model
containment structure using SASSI. In addition, Impell i

calculated the free field soil response using both SASSI and
SHAKE.

!The Lotung site is a soft soil site with sand material of
shear wave velocities very similar to the Fort Calhoun seils.
The laboratory tests result in soil material damping ratios
in the range of the Fort Calhoun material damping ratios
(Figure X.2, from Reference 7). In the Lotung SSI analyses,-
Impell utilized the damping curve shown in Figure X.2,
which is very similar to the Seed and Idriss average
damping curve. The strain compatible damping ratios

:

used by Impell in the SSI analysis of the May 20,1986 and
November 14,1986 earthquakes are tabulated in Table X.1
(Reference 7). The horizontal peak ground accelerations
(PGA) of the two Lotung earthquakes were 0.17g and 0.20 g,

| respectively, which are similar to the Ft. Calhoun PGA.
i The damping values used in the Lotung analysis are
| tabulated in Table X.1 (from Reference 7). The results of the

correlation study between experimentally measured and-
,.' analytically calculated seismic response show a nearly

perfect match of the free field motion at depth between
analysis and experiment. Figure X.3 shows the response of
the free field soil (in the form of response spectra) at a depth
of 6 meters (20 ft.) and 47 meters (154 ft.), respectively.-
These comparisons demonstrate the appropriateness of the
use of soil material damping curves similar to the average
Seed and Idriss curve for soft soil sites.-

(2) RAI: .(a) - Justifications for the issues listed unde: the OI are provided i
| above. Soil liquefaction is discussed in OI (c).

O
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Table X.1 - Soil Profile Properties Used in Lotung Analysis
(Impell Data)

_

Layer Cult Shear Shear Neve- Ccapressional Poisson's noterial
no. 7hickness Density 80moulus velocity Nave Velocity Ratio Damping

(m) (ge/ce3) (km/ce2) (afs,e) (a/see) (t)

1 1.50 1.85 1.33 84 352.8 0.47 7.4'{
2 1.50 1.97 1.77 94 394.0 0.47 8.2

3 1.57 2.08 2.16 101 424.2 0.47 9.1

4 1.69 1.77 2.77 124 520.0 0.47 9.9
- 5 1.49 1.01 3.21 132 554.4 0.47 10.0=

6 1.75 1.85 3.70 140 588.0 0.47 10.1

7 1.66 1.06 4.10 147 617.4 0.47 10.0

8 1.34 1.86 4.10 147 617.4 0.47 10.8?

9 2.25 1.86 4.38 152 638.4 0.47 11.2

10 2.56 1.99 4.01 154 646.0 0.47 11.1

11 1.69 2.11 5.30 157 659.4 0.47 11.0

12 2.50 1.89 7.63 199 835.8 0.47 10.0

13 '2.50 1.84 8.05 205 861.0 0.47 9.9

14 3.00 1.86 8.44 211 846.2 0.47 9.8

| 15 3.00 1.9) 6.95 189 793.8 0.47 10.8

16 3.50- 1.89 7.18 193 810.6 0.47 10.2

17 3.50 1.86 7.36 197 827.4 0.47 9.6

18 3.00 1.76 7.47 204 856.8 0.47 8.0

7.89 808 873.6 0.47 8.719 3.50 1.79 .

20 2.50 1.81 8.29 212 090.4 0.47 8.5
21 4.00 1.69 9.19 231 970.2 0.47 'J . 6

_
22 4.50- 1.69 9.43 234 - 982.8 0.47 8. '5

23 4.50 1.70 9.32 - 238 999.6 0.47 8.4
Halfspace 1.70 27.73 400 1680.0 0.47 4.0-r

_

O
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OUESTION XI:

i Document: Impell Corporation, Calc. No. AUX 05, " Seismic Anchor
Movements (SAM) for Auxiliary, Internal, and
Containment Buildings", Rev. O, Job No. 1390-027-1355.

(2) RAI (a) Provide the Impell Cale. TURB 02 " Design Spectra
and SAM for Turbine Bldg. for SSE Event", Rev. O.

RESPONSE TO QUESTION XI:

(2) RAI: (a) Impell's Calculation No. T'JRB 02, Rev. O is included in
this package as Attachment 3.

,

,

'
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\ ! * 1KE: A PROGRAM FOR

ARTIFICIAL MOTION GENERATION

The program SIMQKE has these major capabilities: it computes a power i

spectral density function from a specified smooth response spectrum; it
generates statistically independent artificial acceleration time histories ;

and tries, by iteration, to match the specified response spectrum. It also
performs.a baseline correction on the generated motion to ensure zero final-

ground velocity and, of course, it calculates response spectra with the
time histories as input.

!q
The object herein is to describe briefly the algorithms used in thej

first two capabilities. An explanation of the input to SIMQKE and complete
flowchart (Fig.1) are given; furthermore, an example and program listing ;

are appended,

i BRIEF DESCRIPTION OF THE MOTION GENERATION PROCEDURE ,

The method used by the program for artificial motion generation is'

based on the fact that any periodic function can be expanded into a series

of sinusoidal waves:

X(t)=[A SI"("n+4) II)t
n n

n

th
A is the amp 1'itude and $,is the phase angle of the n contributing sinu-

n
soid. By fixing an array of amplitudes and generating' different arrays of

.

phase angles, one obtains different motions with the same general appear-
ance but different details. The computer uses a random nuder generator

.

to produce strings of phase angles with unifonn likelihood in the range
between 0 and 2w.

The amplitudes A a-erelatedtothe(one-sided)spectraldensityfunc- ;
n

tionG(w)inthefollowingway:
L

A*

.

G(g)ow = [ (2)
,

,

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . . . . . _ _ . .
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Since the total power may be expressed as:

3 .

[ * 1 G(Wn)b G(w)dw (3)*
q

G(w )k may be interpreted as the contribution to the total power of the |
n

motion from the sinusoid with frequency w . Allowing +M number of sinu-n
soids in the motion to become very large, the total power will become the j

o

area under the continuous curve G(w). |

The power of the motion produced by using Eq.1 does not vary with
;

[
'

t

l. time. To simulate the transient c!.aracter of real earthquakes, the steady-
state motions are multiplied by a deterministic envelope function !(t).

.,

>I The artificial' motion Z(t) then becomes:
L

Z(t) = 1(t) { A SI"IWt+4n) (4)t'

n n[j_ n

' The resulting motion is stationary in frequency content with a peak accel-
'

,

'i
+

1
eration close to the target peak acceleration. In this program, we have

8

-incorporated three different intensity envelope functions such as "Trape-
,

l

. zoidal" -(Hou,1968), "Exponectial" (Liu,1969), and " Compound" (Jennings,'

|- 1968) functions as shown in F11 2. The program artificially raises or'

1

lowers the generated peak acceleration to match exactly the target peak
acceleration. The response spectra corresponding to the motion (4) arey

~. then computed. The response spectrum for one chosen damping value is called
the " target" response spectrum which the program will attempt to " match.*

.

To smoothen the calculated spectrum and to improve the matching, an
-

' iterative procedure is implemented. In each cycle of the iteration, the
.-

calculated response is comptred with the target at a set of control frequen-
e

:cies (the user specifies the number of control frequencies). The ratio of
the desired response to the computed response is obtained at each control

frequency and the corresponding value of the power spectral density is modi-
.fied in proportion to the square of this ratio, i.e., at any cycle 1:

.

b
,

!

0
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' 3(w) ? * |

G(w)p)=G(w)g g (5) 8

, S (g),y

where S is the target spectral value. With the modified spectral densityy
function a new motion is generated and a new response spectrum is calculated.
The procedure should not be expected to be convergent at all control frequen-
cies; the response at a control frequency is dependent not only on the spec-
tral density function value for that frequency, but also on other values at-

frequencies close to the frequency of interest as well. Usually, it is not
productive to iterate for more than about 4 cycles. If an adequate level of

agreement cannot be reached, the user is advised to " start fresh" by generat-
ing an entirely new motion (with a new set of random phase angles) _ For

. more elaborate explanation of some featurcs of the program, the reader is
*

referred to Gasparini an'd Vanmarcke (1976).

:

i
|'

- .

.

'

1 ,

i<

.

Gasparini, D. and Vanmarcke, E.H., " Simulated Earthquake Motions Compatible
with Prescribed Response Spectra "M.I.T. Department of Civil Engineering
Research Report R76-4 - Order No. 527, January 1976.1

I
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' - Option 1 Option 2 Option 3
..

Input Target Input Power Spectral Input Power Spec tral

.j Response DensityFunctionG(w) Density Function G(w)
at NKK Points

o e o

Interpolate Sy Interpolate G(w) Input Desired
to NKK Points to NKK Points Modification

' y e

Compute Power Modify G(w)-Spectral Density as DesiredFunction

o o n
'

Loop on NPA
(NumberofArtificial:-
Earthquakes Desired)

i,

U

[ Loop on ICYCLE
(ToSmoothenResponse -

1 r
| Spectrum for Target-

Damping)
. ||

'8 p first cycle
i

-
.

'
- Compute Phase other than

Angle first cycle

first cycle

L l' <

P' 6t
~

InterpolateG(w) _

,-- to NFQ Values
t
.

U

j Compute ,

G(w)de..
.,

,

EI,.

Compute Acceleration
_

.

L .

I: .g.
Fig. 1. Flowchart of SINQKE

1 -

<
l.
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' '2 *Q gsp
'

,
3

1 o o

Trapezoidal Exponential Compound
Intensity Envelope Intensity Envelope Intensity Envelope ,

6 3 4

Multiply Motion
byEnvelopeI(t).

1

Base Line Correction

u |
Adjust Peak i

Acceleration

u

Compute Response Spec-.

tra for Target Damping

Yes

All
3 -

"'

arthquakes
ated

Yesp

Loop on NDAMP
Calculated Resp. Spectra

for Other Dampings

- o !
IOutput (plot)

C 1
Figure 1(Continued)
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USER'S MANUAL

'
$1MQKE INPUT ,

The-program SIMQKE can generally be used in three moces c'' nptions. I -.
,

In all options the primary output is an acceleration time-history, but in
-

OPTION 1 the primary input is a target response spectrum; in GPTI0li 2 the
.

spectral density function is directly specified; and OPTION 3 allows the |#

User to re-input a previously generated power spectral density function*

and to r.pecify desired changes in that function.

IOPTIO;i 1 - INPUT DATA $

CARD 1-FORMAT (20A4) TITLE CARD
]5CARD 2 - FORMAT (8G10.0)

'
TS : smallest period (seconds) of desired response spectrum -

TL : largest period (seconds) of desired resncase spectrum
TMIN1 : smallest period used to determine the range of frequencies to

be represented in the simulation. Generally it is equal to TS. _

TMAX1 : largest period used to determine the range of frequencies to ?.e
represented in the simulation. Generally it is equal to TL.

YMIN : an estimated smallest velocity response spectral value (in/sec).
It is mainly used to determine the minimum ordinate on a plot
of the spectrum.

VMAX : an estinated largest velocity response spectral .alue (in/sn).
It is used mainly to determine the maximum ordinate on a plc

.

of the response.
_

CARD 3 - FORMAT (15,6F10.4.15) '

.,

ICASE : If ICASE=1, no intensity envelope is used. 3
,

2, trapezoidal intensity envelope is ussi.
3, expone'ntial intensity envelope is used.
4, compound intensity envelope is used.

TRISE : earthquake rise time (sec) of intensity envelope (when ICASE=
1,3; TRISE=0).

TLVL : earthquake level time (sec) of intensity envelope (when ICASE=
1,3; TLVL=0). ,

I

. . . . . . . . . . . . - - . . . . . . . j
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.

DUR : desired duration of accelerogramy
4 A0 parameter of exponential function (equals zero when ICASE=3).

ALFA 0 : parameter of intensity function (specifies when ICASE=3,4).
BETA 0 : parameter of intensity function (specifies when ICASE=3).

IPOW : parameter of compound intensity function (specifies when ICAW
e4),

f CARD 4 - FORET- (2fl0.4,110, 815)

!' DELT : discretization interval (sec), standard input is 0.01 second.
AGMX : desired maximum ground acceleration in "g's".,

IIX : an arbitrary odd integer which acts as a seed for the random
phase angle generator.

NDAMP : numberofdampingvaluesforwhich5,(w)isdesired.
NCYCLE : number of cycles to smoothen a response spectrum. If NCYCLE=1,

no cycling is made.
NPA : number of artificial earthquakes desired from one target re-

sponse' spectrum (with one spectral density function),
NKK : total number of periods at equal intervals on a logarithmicq

h scale. O < NKK < 300 (generally NKK.is on the order of 200
|f and ' 300) . .

- -NRES : total number of points which describe the target response spec-
trum..

*

NGWK : set NGWK=0 for OPTION'1'

.

IPCH : if IPCH=0, no punched output is obtained. I
'

i if IPCH=1, punched output is obtained,'

CARD 5-FORMAT-(8G10.0)'e

AMOR(1): damping coefficients in decimal parts of critical damping. Thei

l'. first damping entered will be the one for which cycling, if
desired, will be done.,,

|CARD 6 to CARD (5+NRES) - FORET (2F10.4) - Target response spectrum,

TSV(1)- SV0(1)
mi . .

Thv(NRES) SV0(NRES)

I NOTE : TSV(1) smallest period (sec).
' '

TSV(NRES) largest period (sec).

}h SVO(1) target pseudo-velocity value in in/sec.
V SVO(NRES) target pseudo-velocity value in in/sec. I

'

I l

i 1
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OPTION 2 - (Earthquake is specified in terms of power spectral density)

*

L CARD 1 - Same as in OPTION 1
CARD 2 - Same as in OPTION 1 :

CARD 3 - Same as in OPTION 1 ''

CARD 4 - FORMAT (2F10.4,110,815) i

DELT : same as in OPTION 1 .

AGMX : same as in OPTION 1 ,

L !!X :'same as in OPTION 1 [
-

NDAMP : same as in OPTION 1

NCYCLE : same as in OPTION 1 [.
*

NPA : same as in OPTION 1

NKK : same as in OPTION 1
|

NRES : set NRES=0 for OPTION 2 *<

NGWK : nunber of points that describe the power spectral density iI
function I.

IPCH : same as in OPTION 1

J^ CARD 5 - Same as in OPTION 1
L_k CARD 6 to CARD '(5 + NGWK): - FORET (2F10.4) - Input power spectral

"density function.

W0(1) GWK0(1)
-

i : I
W0(NGWK) GWK0(NGWK)

NOTE: W0(1) smallest frequency in rad /sec.

W0(NGWK) largest frequency in rad /sec.

GWK0(1) power spectral density.

6WK0(NGWK) power spectral density.
,

J

OPTION 3 - (Input of a oreviously generated power spectral density func-
tion and desired changes).

. CARD 1 - Same as in OPTION 1

CARD 2 - Same as in OPTION.1
,

CARD 3 - Same as.in OPTION 1 j
. ; CARD 4 - FOR M T (2F10.4, 110,815) ,

*
( DELT : same as in OPTION 1 -

#
AGMX : same as in OPTION 1

I

_ , . _ _ . _ _ _ . _ - . . , - - - - -
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11X : same as in OPTION 1

ADAMP : same as in OPTION 1
'

1 CYCLE : same as in OPTION 1

NPA 3ame as in OPTION 1

NKK : fs the negative number of periods for which the Pr** spetem
isprovided(e.g.,-300).e

NRES : set NRES=0 for OPTION 3

NGWK : set NGWK = -1 for OPTION 3 i
,

IPCH : same as in DPTION 1.,

CARD 5 - Same as in OPTION 1 |

[' CARDS Previously punched output of power spectral density functicn |
values and corresponding periods at NKK points.

FORMAT : PeriodsTQ(1): (10F8.4) (SmL 1est Period First)
*

1

' Power spectral density values G;X(1) : (6F13.3) I

CARD FORET(2110)j{.
i N2 : N2 = 1 denotes that some oortions of the GWK array are to te

modified. I
,

N2=0 denotes that no such modifications are desired.

{O N3 : denotes the number of portions of the GWK array which are to
be modified,.g

k CARD FORMT (2F10.4) - if individual values of GWK must be changed.
.the following cards contain first the period and then the
corresponding new value of GWK. These local changes are ter-

: minated by a card with 99 in.the first field. If no local
'

changes are desired, only the 99. card is entered.
L ,

.

h Assuming no local changes, the following card will be:
CARD FORMAT (8G10.4) - the following cards are read only if

*
N2=1 and N3 > 0.

I' 'beginning period (sec).TQ1 :
I

TQ2 : ending period (sec).
1 RATIO : ratio by which GWK values from period TQ1 to TQ2 will be multi--

4

plied..
l

|-

.9-

.

D
:
i

'
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{O:
Sample Data

,

| Euration - 20 sec.
''

| Maximum Ground Acceleration - 1.0g
,

Intensity Envelope Function being used Trapezoidal (As Fig. 3). ;-

'

Tar!Pt Response Spectrum - A design response spectrum for C = 0.02 as sho.in i
in 'A8LE I.

f.

!(t) n I

Leveling Time = 13 sec. _

1.0 , L
,

i I I
I

|
I

,

I< |

1 l i
I I L>

t.
'

TRISE=2 TLVL=15 DUR=20

Figure 3

TSV(sec) SV0 (in/sec)

|0.0143 1.0
~

0.0263 1.9,

| 0.1064 22.0 |.

! 0.2444 75.0

b333 95.0
,

5.0 60.0
.

L

| Table !

\.
'

Input Data:

CARD 1 : T1.E
CARD 2 : TS = 0.02 sec. ,

TL = 3.0 sec.

'

. . _ . . _ _ _ _ _ _ _ _ _ _.
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,

TMINI = 0.02 sec.
TEX 1 = 3.0 sec.

YMIN = 0.1 in/sec.
YMX = 500.0 in/sec.

CARD 3 : l',ASE = 2 (Using Trapezoidal Intensity Function)
TR15E = 2.0 sec. -

I $ TLVL = 15.0 sec.
| DUR = 20.0 sec.

A0 = 0.0 |,

j ALFA 0 = 0.0

BETA 0 = 0.0;
.

j

; IPOW = 0 I

CARD 4 : DELT = 0.01 sec.'

! AGMX = 1.0G
8 !!X = 1235
: NDAMP e 3 (for0.02,0.05,0.1)

|b NCYCLE = 2 I

e NPA = 1

NKK = 200,

NRES = 6

( NGWK = 0

IPCH = 0

{ CARD 5: AMOR(1) = 0.02, AMOR(2) = 0.05 AMOR(3) = 0.1, which art
the damping value. Note that the first one is the target
damping,,

j CARD 6 - CARD 11, as in TABLE 1.

* Output Data:.

The calculated spectral density function is shown on Fig. 4,,

The response spectra are shown on Figs. 5,6 and 7, for damr-
ing ratios of 0.02, 0.05, and 0.10, respectively. Furthermore,

,

the target response spectrum for damping 0.02 is shown on each !

plot.

D
~

'

t

$

I
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r/ '5MIM-SMENG Late,CLA55cc, REG 10Na20044

: /* SRI WEEKLY ,

/eMAIN TIMES 10*LINESs10
| // EXEC FORCLG,LIRRARYa'5YS5.5C4020.5USR'

, //C.5YSIN DD a ;'

C 51M0KE - A PROGRAM FOR EARTHOUAKE 5140LATICN g'
C

C INPUT PARAMETEe5 REQUIRED
1 ts

C IX--A STARTER FOR THE RANDON NUMBER GENERATOR-!T MUST SE 000 i
C NPA---NUMBER OF DIFFERENT MOTIONS REQUIRED
C ICASE---s1 FOR ST ATIONARY CASE ;

.

; C TL - THE L ARGEST PERIOD VALUE FOR RE580NSE CALCULATIONS ,

C T5 - THE SMALLEST VALUE'

C TMIN TMAX- -OPTIONAL MINIMUM AND MAXIMUM PERIOOS TO METERMINF. FREQUENCY
C CONTENT OF THE MOTION. DEFAULT U5ES T5 AND TL i'

8

C NCYCLE===THE NUMBER OF ITERATION 9 TO SE PERF0Ew.ED 15 OHI LEst
C THAN THIS NUM9ER--IF NCYCLE a le N0 ITERATION IS MADF *

C DLLY -- TIME INTERVAL USED SETWEEN Po!NTS #

C NOAMP---NUMBE# OF DIFFERENT DAMP!NGS 70 WC CON 5!DEREn .

C Aw0R---ARRAY CONTAINING THE DAMP!NG VALUES
C TRISE --- RISE TIME
C TLVL --- INTERVAL AT THE MIGHEST AMPLITUUE '

C NGWK -- DEFINES TYPE OF SPECTRAL DENSITY FUNCTION USFD
C IF NGWK = 0 , THE PROGRAM GENERATES IT5 OWN POWER SPFCTRUw. m

'

C IF NGWK 15 NOT a 0, THEN A PIECEWISE LINEAR POWER 9PrCTRUM
4

C WILL SE PROVIDED BY USER AND NGWK a NUM0km 0F P0INTS TEAT DEFINE IT.,

( C IF NGWK IS NEGATIVE, THEN GWK WILL SE READ ALONG WITN PERIODE FOR
'

i C RESPON5E CALCULATIONS
( C ASS (NKK) m NUMBER OF POINTS FOR RESPONSE CALCULATIONS.

C IF NKK IS POSITIVE, THE PROGRAM WILL GENERATE A STRING 0F P0fNf5
C ON A LOGARITHMIC SCALE FROM T5 To TL,
C IF NKK 15 NEGATIVE, THE USER PROVIDES A LIST OF POINT 5.
C (TSV,$V0) - POINT 4 WHIC'M DEFINE DE5! RED VELOCITY RESPONSE SPECTRUM
C NRES---NUMBER OF POINTS WHICH der!NE DESIRED RESPONSF SPECTRUM
C IF NRES = Oe NO DATA NEEn SE GIVEN(N0 CYCLING #NLY).!

C (WO GWKO) - POINTS THAT DEFINE #0bER SPECTRUM IF NGWK !$ NOT a 0.
C T0---0PTIONAL ARRAY OF PFRI3D VALUES FOR RSPONSE CALCULAT!0N%. -

C AGMX --- MAX GROUND Ar.C IN'UT UNIT IN 3
C DUR --- DUPATION
C UNITS SECONOSe!NCHES---UNLESS SPECIFIED OTHERWISE

!.C
DIMENSION T0!(150)

DIMEN510N YTITL(9) TITLO(9)
DIMEN5!0N TIT (9) , TIM (e) ,TIMx t 9),TIMY (9) ,TIx (9) .TITX t 9),TITY (9)*.

DIMENSION ACCG(R001),W8(300)eGWKt300)eTIME(3001),FR0(300).
1 70(300),PLTVMx(10,300) AMOR(10) TITLE (20)elRUF(7000),
2 F0(1500),0WG(1500),PA(1500)*0W(1500) TMD(10,3001'
5 WO(360),6WK0(300)e5Vt300),TSV(1010),5v0(1010)e5!(300)
* ,ANEWGKt300)
DIMENSION PERCEN(300)

'

COUlv4LENCE (T IME (1) ,F0 (1) ) e t T !wE (15011 eDW (1) ) , (GW6(11.PLTVMx (1) ) y
DATA T!x/* s e' *,' RESP',80NSE''' SPE','CTRue,'M ',' ', i

8
l' e/

Q DATA. TIM /e ',' ','ACCE'e'LER0'e' GRAM',' ',' 8,8 .*
S '/ I

DATA SLANK/* */ 6

DATA TIT /'# ESP 8,'ONSE',' SPE'.'CTRU'e'M De,' AMP!'.'NG s'.' ','

S- '/ t

DATA TITx/* e,' NA','TURA','L PE','RIOD'e' ','ISEC','ONDS',
'

. _ _ . _ _ - - . _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ . . _ . _ _ _ _ _ _ _ . _ . _ . . _ _ _ _ . _ _ _ _- -
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! to) e/
(e,elgooe,og/gre,ecooge,e) of

! b ri.TA YT!TL/e e,eG(u)e,e .

DAT A TITLO/e5Prce e ' T '. Al e e e DENS **5!TYe,' FUNe o eCT10e o eN e,e e

| Se e e/

DATA TITY/s e e' e eMAKle,eMUM e eeVEL0s,eCITYe,' (!No.e/ SECS e'
j
i le) */

) DATA TIMX/* ** e.eTIMEe s e (SEe eeCONDe,e5) e,e e,e e,

a le e/

| DATA TIMY/o e e'ACCre,'LE4As.eT!0No ee *** Geeseto e,e e
.

;'
g.e e/'

DATA DETA5eBE'AL/0.009,0 2/ EPI /3.!A151/
!

ICONT=0
Ci

'

C REQUIRED INPUT PARAMETERS.
C

i 9003 READ (5 1) TITLE '

CALL ST0!DV (eM5324-9950' 9,0)
l

ie 1 FORMAT (20A6)
j READ (5.T020) 75.TL.TMINleTWAxleVMIN.YMAK

-

4

7020 FORMAT (8Gle.0)
READ (5,3020) 1 CASE.Ta!5EstLVL DUR ADeALFA0 9ETAO.! POW

I 3020 FORMAT (15.6F10 6,!5)'

s READ (5.129) DELieAGwr.11XeNDAMP NCYCLE,WPAeNKK NRES,NGWK.!PCM'

129 FORMAT (PF10.6,110.R15)
- -

AGMKsAGMA*32 2*17.'
,

4262 FORMAT (Pr10.4)
3

C FIR $7 DAMPING VALUE MUST RE ONE WHICM 15 CYCLED ON.
C THE FIRST CueVE VALUE WILL SE PLOTTED (RESPONSE 5PECTRUM)

,

,

) READ (5.T020) (AMOR(il,!aleNDAMP) -

;l WRITL (6,2) TITLE
i 2 FORMAT (IHle//,FAe20A41

WRITE (6.30) DELT
30 FORMAT (//Tx,eTIME INCREMENT = *eF5.31| *

IF (NKK.LE.0) 60 10 6301
CALL PLTK2(TS.TL TO,NKK)''

GOTO3
1 |i 6301 NKKa-NKK

,

' C
C OPTIONAL INPUT PARAMETERS IF NKK 15 NEGATIVE.

{ C Gwn 15 NEQUIRED ONLY IF NGW4 15 NEGAT!vE
C-. READ (5,13) (TC(!).Ist,NKK)

-

READ (5.804)(GWK(NKK-1 1)elsleNKK)
READ (5.T0R0) N2,N3

14 READ (5 6267) TC. GWC *
-

IF (TC.GT.50.0) GO TO b
00 9 !aleNtk
IF (AB5(TC-TO(1)).LT.0.0002) 60 70 11-

9 CONTINUE

|
00 TO 14 ,

il GWKtNKK-1 1)sGWC
-

GO TO 14
5 CONTINUEe

IF (N2.EO.0) GOTO3
' 00 10 IsleW3

READ (5eT020) T01.T02, RAT 10 *

! 00 10 Jel,NKK
IF ( f 0 (J) .GT.T01. AND.TO (J) .LT.102) GWK (NKK-J.1 ) =GwK (NKK-J. l l *R AT 10*

.

. _ . , , _ _ _ , _ _ _ _ _ _ _ , _ _ _ _ _ . _ - , . _ _ ___.._..___.m _ _ _ , . _ _ __-._.___ ,
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10 CONTINUE
3 00 6325 IsleNMM

- JsNKK-!+1
FR0(!)s1./70(!) . 2

275 W6(J)s6.2832/TO(!)
;r (TMIN!.EQ.0.) TMIN1sTS ;

WLs6 2832/TMIN)
[F (TMAX1.E0 0.) TMAX1sfL'

.

W5s6 2832/YMAxl '

C
WEND === THE NIGHEST FREQ FOR GROUND N0 TION_

C WSEGIN === THE LOWEST F4EQ FOR GROUND MOTION
C THE FOLLOWING OPTIONS FOR COMPUTING WEND AND WBEGIN MAY BF ELIMINATED

.

C SINCE SETAL AND BETAS MAVE BEEN DEFINED INTERNALLY BY THE PROGRAM TO EE
C .2 ANO .005 RESPECTIVELY j.

C ;
~

WEN 082 0*WL
IF ((5 0*BETAL).GE.1 0) WENDsWL*(1.+5.*BETAL)
WSEGIN=W5*.5-

IF (BETAL.LT.O.05) WREGIN=W5'(1. 10.*BETAL) .

tFt! CASE.GT.11 60 TO 42
, WRITE (6 134) )

L 134 FORMAT (TXel5H5T AT!0NAcy CASE) ',

GO TO 38
42 WRITE (6.135) |

_

135 FORMAftTXe59HNON-STAT!0 NARY IN INTEN51TY SUT STATION &1Y IN FAE0 SP g

/ECTRUM)
38 WRITE (6e106)&GWR , p

106 FORMAT (TAe *ERPECTED WAX 14UM GROUND ACC se ert.2,e TN./SEC./5EC.')
IF (NRES.EO.0) 00 TO 6022

_

RE A0 (5 e6262) (TSV (!) ,$Vo t t ) * !=1 NRES)
1

-- C ALL POLATE (NRE5eNMMeT5Ve5V0efoe5V)
WRITE (6 107) TRISE TLYL.0UR

107 FORMAT (TAe1TR15E se,FT.Re e TLEVEL se EFT.2.* DURATION se.FT.2)
WRITE (6 6016)

6016 FORMAT (//ellRe * 0RIGINAL POWER $#ECTRUM' e//ellXe 'pERIODe ,ax.
SeFREQUENCYe eig.e5PECTPUW'e12Ke'R'//)

6022 IF (NGWK.EQ.0) GO TO 4260 ,'

IF(NGWM.LT.0) 60 TO 9703
C

- C OPTIONAL INouf 0F ORIGINAL POWER SPECTRUM IF NGWK 15 POSITIVE
C IF YO WAS RFAD IN PREV!0USY FOR NKK NEGATIVE * THis OVERIDES POWER 'i

C SPECTRUM *GWMe READ IN WITH 'T0'.

C= .

- C ,

C- OPTIONAL INeUT OF 0F51RE0 RESPONSE VELUCITY SPECTRH4 IF CYCLING 15 USED.
C

READ (5,4262) (WO (!) e 6WM0 ( I l o i s t ,NGWK)
CALL POLATE(NOWKeNMKeW0eGWMO*WReGWK)

- 9T03 00 8011 lateNMR
JsNKK+1-1
GWK0 (!) sGWM (I) }8011 WRITE (6,6360) TO(!) FR0(!) eGWM(J) ,

*

GO TO 6007
4260 Ta(DUR.TLVL)/2. I

BETAsAMOR(1) bCALL SVGW(NMKeW9eGWM0 5VeTeBETA 16.0 0.6e0.368,G5HM WCPe0peRR)
D0 6001 LLLateNKK
LLisNMt-LLL+1 1

6( 01 WRITE tt .8901)TO(LLll eFRQ(LL1) GWK0(LLL) RR(LLL)

. .. . ._ . - _ _ _ _ _ _ _ _ - _ _ _
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_

er,3-E (6,8902) WCP 0D'g :, i .' ;.' " ' R 't & T (//.10Xe' CENTDAL FAEQUENCY cc o ' F10.3e// 10K,' 015PER510
I $1. PARAMETEe' Os ',F10.3e/)

SET THE max! MUM VALUE OF SPECtaAL DENSITY FUNTION roR PLOT*
i

D KMAXs 0.0
De 32T 112s leNKK
1F (KMAK-GWK0(1121) 326,327,327

326 RMAXsGWK0(112)
32T CONTINUE

!F (AMAR-TO.0) 329,328.328
328 XLAlsRMAX/100.

NDUMs (MFIKtXLA1)*1)*100
AMARsDFLOAT(NDUM)
60 TO 330

329 KNARsTO.0
*

330 CONTINUEL

CALL GWPLOT (NxKe0.01 4.0 0 0,uMAK,T3eGWK0,T!TX,T!TLo*YTITL)
i e AREAS 50RT(650M)/386.4

WRITE (6,6008) AREA
6008 FORMAT (/11X,'5TANDARD DEV!AT!nN OF PHOCE55 = 'eri 4,' Geise),

'

600T ITOTALsNDAMP*NKK, o
; IKs(!!X/2)*2*1

| DO 545 NTOTALal,NPA"
' WRITE (6e60) IX
| ! 60 FORMAT ('1' //10K,'A NEW PMASE ANGLE SET WITH SEED = ',110)
! i 00 8608 !=leNKK

8608 GWK(1)sGWK0(!)
y MMal

AREAGs0.
51GM5so.
NF0 0

'

WsW8EGIN
6080 DELWsBF.TAS*W

WsW.DELW
CALL DifMMY(WeFOUT*NKKeWR*GWK,W4)*

NFOsNFQe)
GWGINF0)sFOUT
F0(NFQlsW=

DW(NFQ)sDELW''

AREAGe&REAG.GWGtNF0)*DELW*

$1GM5sStGMM+GWGtNFO)*0ELWoWoW
*

IF (W.LT. WEND) GO TO 4080
,

00 100 ICYCLE=1,NCYCLE-

C
C W 15 LOWEST FREQUENCY REPRESENTED IN GROUND N0 TION.

.

*
,

C*
IF (ICYCLE.LE.1) GO To 1116
AREAGs0.

7
mms 1
D0 6703 IsleNFC|

*

WsF0(!)
" CALL DUMMX(WeFOUTeNKKeWReGWK,MW)
a GWG(!)sF007

6703 AREAG=AREAG.DW(1)*GWG(!)
1116 00 1117 1PaloNFO
111T GWGt!P)sGWG(IPl*DW(IPl*P.|

IF(ICYCLE.GT.1) GO TO 860J
Ct

, C COMPUTE AVERAGE FREQUENCY AND #ERIOD
8 C

- ---- - - - . . _ . - . -.._ - - . . . - - - .-. - -
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SISwloSIGM5/AREAG
WAs50RT(51GMS)
T&s6 2832/WA >

() DEFINE SLO *ES OF ENVELOPE
'

'

IF (ICASE.GT.2) GO TO 6
IFITRISE.GT. 0) 00 TO 13 '
TK!5Es0.25'DUR

sTLVLs0.
33 IF (ICASE.LF.1) GOTO7
8 FTC1st./TR15E I

FTC28-1./(OUR-TRISE-TLyL) g

00 TO 6
7 FTCis0.5

!FTC280.*

86 WRITE (6,116) WAeTA,NF0,w$EGINeWEND
116 FORMAT (//10Xe' CENTRAL CIRCULAR FREQUENCY s ',Flo.4,' AA0!ANS/SEC.'

S//10A,' CENTRAL PER100 e 'oF8.A.' SECOND5' |
e e!5S//10X,'NUMRER OF PMASE ANGLES s ,

S//10Ke'LOWE57 FREQUENCY IN MOTION s 'oF10 5,' RA0 FANS / SECS
5//10X,'MIGHEST FREQUENCY IN MOTION e ',F10.5 ' rah!AN5/SEC.') ;

C |
C COMPUTE RANDOM PHASE ANGLES
C

D0 31 IsleNFO
Iys!X*65539 .

IF (lY.GE.O.) GO TO 32
1lyslY.214768364Tel

O32Y~Ls!YYrLaVFL*.4656613E-9
PA(11s6.2832* YFL

31 Ins!Y
C
C ACCELERATION COMPUTATIONS
C

8603 NACCOs0VR/DELY+1.060001
IF(NCYCLE.LE.! CYCLE) GO TO 9801.

WRITE (6.956T)
956T FORMAT (1M1 9Eo'PER1008.RRe' FREQUENCY'*4Ke' POW.5PEr.CEN.'e%X,

S' DES. RESPONSE',4xe' CAL.RESPON5F'eTXe'OlFFERENCE*,eX.'TIMEe e//)
'

WRITE (6,9000) ICYCLEeTO(1)
9008 FORMAT (30R,' CYCLE NUMRER 'olteRORe* LOWEST 400!FIE0 PER100 m to

SF10.6,8 SEC0405'//)
9801 00 1114 KKeleNACCG

'

8 NI1114 ACCGtKK)*0. Ni tKCHEKs1000
*

D0 12 LMeteNFO
IF (GWG t LM) .LT . 0.0) WRITE (6e3000) GWG(LM),LM
GWG(LMisAB5(GWGtLMI)

3000 FORMAT to GWG NEGAT!VE. EQUAL 5 'eE10 3e' FOR LM 0F ',15)
AAs50RTtGWG(LM)) NF t *

ALFAsFg(LM)*DgLT Ni '

NLk
. $1NAs5]N(AtrA)

*W9 C05AsC05(ALFA) .. 1SNs5!N(PA(LM))
CNaC05(PA(LMI) NI 6-

SNAs5!Na*CN.C05A*SN
CNAsCOS&*CN-5INA*SN 1

'
ACCG(2 mAA*5NA.ACCG(2)

. . . . . .
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00 12 KMo3,NACCG
U ;' (MMoGE.KCMEK) GO in 5012

SN0s5NA
SNAs5NASC05A*CNA*S!NA
CNAsCNA*C05A-5N0*$1NA

-

e 60 TO 12 N
5012 KCHEMsRCMEK+1000

$NAsblN(PA(LM)*(KK-1)* ALFA)
FCNA=C05(PA(LM)*(KK-1)*AL A)

__ 12 ACCGtKK)sAA*$NA*ACCG(MK)
w APPLY INTEN51TY FONTION WITH FOUR OPT 10N

00 70 (3003 3003e3006 300Tle! CASE
I 2003 IF(ICASE.LE.1) GO TO la,

TAsTRISE
0 00 TO 19
1 18 Tast.

,

C DEFINE MAXIMUM NE!GMTS IN TERMS OF SLOPES
'3

,

.
C

- 4 19 DO 16 KKat,NACCG
Tls(KK-1)*0ELT

| IF (TI.GT.YK) GO TO 15 N
-

& FTsFTCleT!
00 TO 16

- r 15 IF(ICASE.LE.1) GO TO 28
,

1 IF((TI-TA-TLVL).GT.O.) GO TO P9' 28 FTs).
GO TO 16

_ f. 29 FTs).*(T!-TX-TLVL)*FTC2

*( )C COMPUTE ACCELEGATION N

a 14 ACCGtKKisACCG(MK)*FT .

GO TO 3011
3004 00 3006 KKat,NACCG.

e? T ls (KK-1 ) *0ELT
N

FTs A0* (ERP (= ALF A0*T1 ) =Ex* (=9ET A0*T!) )m.

3006 ACCG(KKisACCG(MK)*FT,
GO TO 3011<

3007 DO 3010 KKs teNACCGe

T Is (MK-1) *0ELT
_ ? IF(T1.GE.TRISE) GO TO 3008

j Fis(T!/TRISEl**! POW
00 TO 3010

1 3008 IF ((TI-TLVL-TR15E) .LT.O.) 60 TO 3009
-

t F TsE AP (- ALF A0* ( T I-TLVL ) )
i GO TO 3010

3009 FTs).O
I 3010 ACCG(KKisACCGtKK)*FT

3011 CONTINUE
C

9 C CGMPUTE MAK GROUND ACC BEFORE BASELINE CORRECTION
: C

-

20 AMAXIMs0.
| '00 5000 !st.NACCG

IF ( A85( ACCG(1)) .LT. AB5( AKAKIM)) GO TO 5000
'

AMAXIMsACCG(!)
TMAXIMat!-1)*0ELT* 5000 CONTINUE

1 IF (N( YCLE.GT.1 CYCLE) GO T0 8506
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WRITEte,52001 AMax!M.TMARIM
s200 FORMAT (IM //,10x,' MAX. ACCEL. BEFORE CORRECT 10N8,F12.5//

5* AT TIME 8,F12 5//) ,

. 8504 T1==DELT*0.5 -

C I

C JUST!FY ACCG 70 RERO FINAL VELOCITY [
*

C
SETalso. ,

_._

BETA 2:0. .

*SETA3s0
VELs0
00 4300 IZst NACCG I'

; VELovEL.ACCGt!Z)*DELT i*

TisT!*DELT
BETAlsBETA1+vtL*T1 (

[ SETAtsBETA2+ VEL *T1*T1 !
*

6300 SETA3sBETA3+ VEL *T1*T1*T1
SETAleBETAl*0ELT/(T1*T!*T1)
8CTA2sBETAt*0ELT/(T1*T1*T1*T1)
BETA 3sBETA3*DELT/(T1*T1*T1*T1*Tl)
C1:300.*BETAl=900.*BETAt*630.88 ETA 3

l|'
C2=(-1800.* BETA 1+5760.*BETAt-6200.* BETA 31/T1
C3s(1890.*BETAl-6300.*RFTA2*4725.* BETA 3)/(?!*T1)g'

- 00 6310 !!st,NACCG
T!st!Z-1)*0ELT t

6310 ACCG t !Z) = ACCG(!Z)-C1-Ca*TI-C)*T!*T t j
z C GET MAR GROUND ACC

ql

GAMXs&CCG(1) l

VELs0 ,

VANKno.
O!5Pso.
DMAXs0.
LL1s0 ;

GAMXsA85(GAMX) ,

D0 59 LLs2.NACCG
GAMYsASSIACCGILL))

| VELsVEL+ACCG(LL)*DELT
D15p= DISP + VEL *DELT

; DAMYsA85(DISP)
VAMYsA85(VEL) '

_ IF (DANY.LE.DMax) 60 TO 52 ,

53 DMARsDAMY,

52 IF (VANY.LE.VAMK) GO 70 56 ,

VAMXsVAMY
56 IF(GAMY.LE.GAMR) 00 TO 59
54 GAMNsGANY

b LL1=LL
59 CONTINUE

C No SCALING OF THE ENT!aE T!4E HISTORY 15 DONE BUT PEAKS ARE ADJUSTED_-

INORDERTOHAVEONLYONEPEAKEQUALTOTHESPECIFIEDMAKGROUNDACC]C
TTTsAB5(GAWX/AGMK)

-

'
IF(TTT.LE.1.) GO TO 1112 ,

e 00 111 Mist,NACCG o

DARsAB5(ACCG(M1))-AGMX
IF(DAR.LE.o.) 00 TO 111 J

ACCG(Mlls&CCG(Wil/TTT
111 CONT!NUE ) I

00 T' 1113
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,

-| 41*.2 ACCGILL1)o8CCG(LL11/TTT
1113 GAMKsAGMR/386.4

LIMsNOAMP
IF (! CYCLE.LT.NCYCLE) LIMs1

T CHECK ACCG DaMEN510NS'

.

ICKsNACCG+2.*TO(NKK)/0ELT
WRITE (6eJ6) ICKIF (ICK.GE.8000)

ACCG ARRAY NOT ENDUGH FOR NACCG*P'(LAR6EST PER1001/0T =34 FORMAT (*
5 te15)

IF (ICK.GE.8000) 60 TO R003
C
C RESPONSE CALCULATION ann PLOTTING

IC CALL SPECT(PLTVMReTMO.ACCGeNACCGe0ELieTQeNKKe&MOReLIM)
IF (IPCH.EO.0) 60 TO 35

I WRITE (Te27) 1 CYCLE
l 27 FORMAT (46WK FOR CYCLF *ett)

WRITE (TetBP)(GWK(NKK-1+1)olsteNKK)
SSB FORMAT (6F13.3)

35 CONTINUE
1F(NCYCLE.LE.1 CYCLE) 60 TO 46'

*

C TO SM00THEN THE CALCULATEDfC CYCLING PROCEDURE WHICM M001FIES G(W)
C RESPONSE $5ECTRUM
C

SUMP 05 s 0.
1. SUMNEG s 0

(O
D0 63 tal.NKK
AMULTs5V(!)/DLTVMK(1 1)
RATIOS s A95 (1./AMULT)*100.

RATIOS * 100..

PERCEN(!) s*
WRITE (6 8901) TO (1) ,FR0 (11 eGWK tNKK=l*11 oSV (1) .PLTV4K (1 1) .

* PERCEN(!) eTM0(lell e!e

L 8901 FORMAT (5(6xeF12 3)eeser12 1.e Ge e4XeF12 3e110)
JsNKK-lel

{ 10002 ANEWGK(J) a GWKtJ)*AMULT*AMULT
A1NCRM a ANEWGK t J)*GWK (.J)
IF (AINCRM.GE.0.) SUMpot * $UMPOS*AINCRMg

IF (&!NCRM.LT.O.) SUMNEG s $UMNEG.AgNCRM
e
! 43 CONTINUE

IF (50MNEG.LE.1.E=8) 60 TO 213'

FACTOR e SUMP 05/5UMNEG-

SUMPOSe50MNEGeFACTORI WRITE (6 10000) e F12.3e10Xe FACTOR se e

(//10Ke 5VMP05 seeF12.3,10Ke#5UMNEO s ee
10000 FOMMATL

* eF12.3)
I DO 211 IsleMKK

211 GWKt!) s ANEWGK(1)
60 TO 100~

OPTION THAT MAKES NO CHANGES IN P051TIVE INCREMENTS WHEN RUMNEG 15 LES'
C.

C
' C THAN 1. K E -8

C
213 00 214 Is1.NKK

a 214 GWK(1) e ANFWGK(1)
60 TO 100

'

e C

i ( WRITE MAtluuM RESPONSE VALUE
(

. . . . . . . . _ . _ _
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-25=
,

e t. o!TE(6,120)GAMX,VAMX,0 MAX
120 FORMAT (ele //10Xe' MAXIMUM GROUNO ACCELERAY10N = 'eF6.3e' G''5'//

t

;
$10X,' MAXIMUM GROUND VELOCITY a 'ere.3e' IN./$EC.'// *

!

510X e ' MAXIMUM GROUND 0158'.ACEMENT teF6.3e' !N.8//

$20Xe'$1MULATED GROUND ACCELERATIDW'//)
,'

00 17 !st NACCG
.

*
,

j 17 ACCG(!)s4CCGt!)/386.4
1

WRITE (6,5203) (ACCGt!)ets!,NACCG)
! 5203 FORMAT (5M *15FA.6)

8

IF (IPCH.EO.0) 60 TO 36
WRITE (7.4111) (ACCGt!)elsleNACCG) )

4111 FORMAT (AF9.5)
,

J .
,K0VNT=0

JKs0
i

,

f
WRITE (Tel) TITLE'

.

WRITE (7e2P) NOAMP NKK
22 FORMAT (2110) I

WRITE (7,13) (TC(!)elsleNKK)
13 FORMAT (10rn.4)

9101 K0VNTsMOUNT+1,

| JsJK+1
JKsJK+8
IF (JK.LT.NACCG) GO TO 9103 jj

JJsNACCG*1
00 9104 MsJJ JK ,'

9104 ACCGtkis0.0 I

9103 WRITE (7e301) (ACCot!). IsJoJKleK0VNT
301 FORMAT (SF9.5 !A) 1

IF (JK.LT.NACCG) GO TO 9101 }'O TEMPS 99.
MOUNTsK0VNT+1
WRITE (7e9102) TEMP K0UNT'

9102 FORMAT (F9.6e63Xe!A)
36 CONTINUE

DO 9012 LLuleNOAMP
WRITE'6.4515) AMOR(LL)

4535 FORMAT (LHie' DAMP!NG s'eF6 3///, 9Xo' PERIOD'e6X ' FREQUENCY'e
1 7xe'#ESPONSE'e6X ' TIME'//) L
IF (!PCH.EO.0) GO TO 37
CAMsAMOR(LL) * 100.

! WRITE (7,9016) CAM
9014 FORMAT (' DAMP!NG ' F&.le' PER CENT')

WRITE (7*4mA) (PLTVMX(LLeN),NeleNKK)
9015 FORMAT (10FA.4)-

37 CONTINUE
9012 WRITE (6*4340)((TO(KK),FRQ(KK),PLTVMX(LLeKKleTM0(LLeKK) Kw).

S KKeleNKK)*

IF (NRES.EO.0) GO T3100
WRITE (6,9547)
DO 23 IsleNKK
AMULTsSV(11/PLTVMXile!)
RATICS s A9$ (1./AMULT)s100.

RATICS - 100.PERCEN(!) e
23 WRITE (6eS901) TO(!),FR0t!),GWK(NKK.!*1loSV(!).PLiv4X(lell..D i

PERCEN (1) .TMD (1,1) e 1*

4340 FORMAT (8 8.4F14.4e!!0)'

DC 21 !!al NDAMP
00 21 JJeleNKK i

21 PLTVMX (!! * JJ) = A85 (PLTVMX (! ! * JJ) )
NFCs!

1. - - . - - . . _ - _
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I
D0 1000 ItaleNDAMPj Pt 1001 Js1,NMK

't '.001 5!(J)*PLTVMx(11eJ)
KAMORsAMOR(!!) ,

CALL DIR2 (NFCe6eleceNxMeflefleVMINeVNAxel. 1.e0 0 0e0,-2.-M.*

[ ST0,51 5 vet 1 ret!TxeTITV.36e36,36,0e0.eAAMOR)
2000 CONTINUE

10f CONTINUEo

585 CONTINUE'

IF(NKK.GT.6)GOT01100
1100 CALL PLTND(K!K!)

CALL ERIT
ENDi

SU9 ROUTINE DUMMY (W FOUT,4KKeWB GWKeMM)
DIMEN510N WR(1)eGWK(1)
JAYsMM"

1 IF(W-WR(JAY)) Se4 2
2 JAYeJAY.1

+{ IF (JAY.LE.NKK) 60 TO 1-

' FOUTeGWKtNtK)
60 TO 6

6 FOUTsGWKtJAV)
A]l
,

MMsJAY
! 60 TO 6

0 5 MMsJAY-1
|h IF (MM.LE.0) GO TO 4<

SLOPES t reWK ( J AY )-GWK ( J AY-1 ) l / ( WR ( J AY l *WB ( J AY-1 ) )
FOUTeGWKtJAY-1)*5 LOPE *(W-WS(J4Y-1)).

; 6 CONTINUE
RETURNO END

l j SUSROUTINE SPECT (VMaxeTaeGA.N. DEL,PDo!PeDMPeID)
*

Ig C
C SUBROUTINE FOR COMPUT ATION 3F SPECTRA FROM EARTHOUAKE RECORD
C DIGIT!!ED AT FOUAL TIME INTERVALS

1C DIMENSION VMAX(10,300) eta (10 300),GA(6001),PD(300) DMP(10).
1 A(2 ?)e8(2eR),TYt3),x(3),Gt2)

I DO 6 Jet,tn
! DsDMP(J)
*

00 6 Kale!P
PePD(K)*

i IF (P.LT.O.001) Pa0.001
'

Ws6.2831856/P.

C.

j C CM0!CE OF INTERVAL OF INTEGRATION
C-

DELPeP/10.
I LeDEL/DELP+1.-l.E-5

DELTsDEL/L.

C
C COMPUTATION OF MATRICES A AND B*

C4

C ALL PCN06 (Dewe0ELT e a e8)
,

INIT!ATION

x(1)*0.
x(21 st .

l DNAxsi .
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27-
,

i to!
] CWs2.*W*D
| W2sW'*2

last.*P/DELT+1.E-05 '

)
c COMPUT& TION OF RE$p0NSE ,

d |
| L1s0 . i

| 1 SLa(Gat!.1).GA(!))/ L '
i 00 5 MaleL

G(lla G A (!) + $L* (M-1) ,

1 G(2)= GA(!)+5L*M
TY t !) s A t l e t ) *K (11 + A t l e t t 'X (2)-H (l e ll *G(ll-S (I t!)'G II) '*

TYt21sA(2 ell *X(1)+A(2 2)'X(2) R(2,11'Gt11-S(2,21'A(2)
LisL1+1*
T!MEs(L1-1)*0ELT |

C
C CONITORING THE MAX. VALUF5 t

'

C .

IF (ABSITY(1)).LE.485(DMAX)) GO TO 2 *
:
' DMAXsTYt1)

TDsTIME
2 X(1) STY (1) e

5 Xt21sTYtt) '

C 1

C TEST FOR END OF INTEGRAff0N I

C
!s!*1 .

IF (1.EO.N) GO TO T |f
GO TO A'

T VEN0sX(2)
R IF (1.EO.(N+1A)) GO To 10

IF (1.GE.NI 60 70 9
60 TO 1

9 GA(!*1t=0.
60 TO 1

in CONTINUE
VMAX(J.K)=W'OMAX ,IT&tJ MisTO

A CONTINUE
' '

RETURN
END
SUOROUTINE O!82 (NFCeIN0eNGRAPMeNGO,NPOINTeXLeXReYgeVT,0X,0Y,

,

I, $NoMeleJ,NX,NY,E*YoZ,T!TeTITX,TITYeNTeNTX,NTY,NPTopTMRKeRAMOR)
'

O! MEN 5!0N X (!1 Y(1),Z (1) eTIT (11 eTITX(1) eTITY(1),PTMRK(1)
INDA*0
00 TO (1,2.3 4),!ND

1 CALL SMXYVic,0)
60 TO 5

2 CALL SMXYVt0el)
GOTO5

3 CALL SMXYV(1 0)
GO TO 5 i

()4CALLSMXYV(1,1)
*

5 CONTINUE j
CALL SETMIVt150,100 190elb0) g,
'!FINFC-1) 11e10,20

10 NFAs2
GO TO 10 I

20 NFAs4

_ _ _ __ . . _ _ _ _ - _ . - _______ ___ _
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I

30 C ALL 6#1L4 V tNra e XL,xt.Y9 e VT e0X,0Y eNe Nel e Je Nu eNY)
<

|

,l CALL QITE2Vt125,250,1000,90 2eNTYelet!TYeNL45T)
I CALL RITE 2Vt300e125 1000,0eteNTxeleTITXeNL&57)

CALL RITE 2V(250 925 1060e c o tent el e TIT eNL&5T)
r CALL LAMLV (Kaw0Pe750,mm0 6elet) |

,

j [ 11 CALL INCRV(See)
NAtisNGRAPH+NGD
IF(NAU) 401 401,400

400 00 7 !!=leNAU
NAUKsNPOINT-1

*

00 8 MaleNellK
' lauRat!!-1)*NP0!NT+M -

,

ElsX(M)
! 21:2(M)

Alex(M*1) ,

22=2 (M * 1)
Y1sY(IAUK)
Y2=Y(IAUX+1),

, IF (Y1-YT ) 100,100e101
100 IF(Y2-YT) 110 110 103
103 X2s(At-X1)*JYT=Y1)/(Y2-Y1)+X1

;f Y2sVT
00 TO 310'

l101 IF (Y2-YT) 104 104 105
t 104 Als(At-X1)*(YT-Y1)/(Y2-Y1)*K1

Ij YleYT
00 TO 110

' g, 105 IN0&ol
|* 110 CONTINUE
ii IF(Y1-YR) P00+201 201

200 IF(Y2-YR) 205,203 203
, '

l 205 INDA*1 .
,

|J 00 TO 210 .

I 203 R1s(K2=X1)*(YB-Y1)/(Y2-Y1)*K1
h Y1sVB

60 TO 210
201 IF(Y2-YB) 204e210+210'

204 X2s(12-X1)*(YR-Y1)/(Y2-Y1)*X1,,

Y2=YB
|j 210 CONTINUE
,

IF(INDA) 303:303,302
|

| 303 IF(ll-NGRAPH) 300 300 301
300 CALL LINEV(NKVtK1),NYV(v1),NKV(X2),NYV(Y21)

4 CALL LINLVtNKV(X1),NYVtYlleNKVtX2),NYV(YES).

CALL 00TLNV (NKV(A1)eNYV(Z1)eNKVtXIIeNYV(22))y,

' ' 00 TO 302
8 .301 CALL 00TLNV(NXVtX1),NYV(T1),NXVtX2),NYV(Y2))

CALL 00TLNV(NXV(K1),NYV(YlleNKV(K21eNYV(Y2))
I 302 IN0As0

7

| R CONTINUE.

L 7 CONTINUE
| j

401 !F(NPT) 402 402,403
i 403 LLsNPOINT*NPT,

| 00 500 tal.NPo!NT
k CALL &#LOTV(LL,X(!),Yt!)eceNPOINT,NPfePTNRK,lERR)

fIsI,) 500 CALL APLOTVtLL,Kt!) Yt!)e0eNPo!NT NPisPTMRKelERR)
! 602 RETURN ,

! END
SUBROUTINE PCN04(DeWe0ELieAe8)*

4- C

|

. _ _ _ . . _ _ _ _ _ _ . _ . _ . ._._. __._ _ _ - _ ,._._,_._ _ _,_ _,,,.._.. _.. - -.
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*

C SU9400 TINE FOR Cou?UTAT!nN OF 4ATRICES & AND 8
C

DIMENSION Alt,2),9(2,2)
'

DWsD*W '

02:D**2
A0sEAP(-DW*DELT) |
A l sW'50eT (1.=D2) 6

ADisAl*DELT
A2sSIN(AD1)
A3sCD5(AD1) g

W2sW**2
A4s(2.*D2-1 1/W2
A5sD/W :

'

'A6s2.*A5/WP
ATs)./W2 '* f'ARs(Al*A3-DW'At TA0

1

A98=(Al*A2+0W'A..*An
A10 sap /A1
411sA0/41 t

*A12=A11*A2 '

A13sA0*A3
A14s&l0*A4
A15sA12*A4 ,

A16sA6*A13
AITsA9*A6
A!!,1)sA0*(DW'A2/A1+A3) f
A(1 2)sA12 |
A(2,1)sA10*DW+A9
Att,21sA10

D-
0(1 1)st.A15=A16+A6)/DELT-A12*A5=AT*A13 -

8(1,2)s(A15+A16-A6)/DELT+AT
8(2,1)s(=A14=A1T=AT)/DELT=A10*A5-A9*A7
g (2,2) s ( A14+ A1 T+ AT) /.DELT
RETURN
END
SUSROUTINE DUMMKtW,FOUT,4KK,W8,0WM,M4) )DIMENSIDN WB(1),0WM(1) |

JAYsMM
1 IF(W-WB(JAY)) 5,6,2
2 JaysJAY+1 i

IF (JAY.LE.NKK) 00 TO 1
FOUTsGWK(N(M) !

00 70 6 'l
4 FOUTsGWM(JAV)

'

MMsJAY '-
100 TO 6

5 MMsJAY-1
IF (MM.LE.8) 00 TO 4
KatWB(JAY)+WB(JAY-11)'2.
IF(W-A) T,7,8

7 F0VTsGWK tJAY-1)
GO TO 6 I4 FOUTsGWM(JAV)

6 CONTINUE i
'RETURN

. END js

$UBR00 TINE PDL ATE (N,M.XIN,YINe x00T,YOUT) }.
DIMEN510N RIN(1), YIN (1), ROUT (1),YOUT(1)

Js1 ,i

IF(XIN(1)= ROUT (1)) 2,2,100 t

_ _ _ _ - _ _ _ _ - _ _ _ _ _ _ - _ - _ - _ - _ - _ _ _ _ _ _ _ _ - _
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h tr(RIN(N)= ROUT (MI) 10ne3+3
'3 00 30 101.e-

6 1F(ROUT (!)=RIN(J)) 5 60 6
4 JsJ.1
60106

% JsJ-1
'

YTEST s ( ALOG (VIN ( J+ 1 ) ) = ALOG ( YIN (J) ) ) * ( ALOG (ROUT (!) ) = ALOG ( RIN ( J) ) ) /
S(ALOG(RIN(Jelll=& LOG (RIN(J)))+ALOG(YIN (J)) -

VOUT(!)sERD(YTFST) ,

- 60 TO 30 -

m
- 40 YOUT(!) YIN (J)

30 CONTINUE
RETURN _

100 WRITE (6e20) .

20 FORMAT (IN1,'#ROGRAM STO#eFUNCTION UNDEFINED IN DE51 RED INTERVAle)
' CALL ERIT

b END .o

~~~~SUSROUTINE PLTR2(RMIN RMAR ReN#0!NT)
'; DIMENSION R(1)

-{ P0lNTsNPOINT-1
SPACEsALOG10(RMAX/RMIN)/ POINT

t R(1)sRMINo

00 1 1 sten #0!NT' '

l Ale]=1
ERP085 PACE *Al

'] 1 R(lin3 MIN *10.s*ERP0
I R(NPOINT)stMAR

RETURN
ENO

- ~~~50BROUTINE GWPLOT(NKK.T5+TLeGWIN,GMAReT0eGW.TITR TITLO,YTITL)' -
-

01 MEN 5!0N TO(11 eGW(1) TITR(1) et!TLO!!),VTITL(1)
IF (GMAR.LE.TO 0) 60 TO 3
IF (6 MAR.LF.200.0) 00 TO 2
DYs20.0
60 TO 4

__
1 P DYs10.0

-- GO TO 4
3 DYst.0
e CONTINUE

]C ESTABLISM SEMILOG C00#0! NATES
= .

.
-- '

CALL SMRYV(1+0)
C ESTABL15H MARGINS

I CALL SETMIV(150 100 150 150),
,8 C ESTABLISH GRIO

CALL GR101V(leT5eTLeGMINeGMARel.0e0Ye0,5+0,5e=2.=P)
*C WRITE Y AR15 LA8EL
3

C ALL R1TERV(12%e25041000 90,2+2ReleVTITLeNL AST)
,

C WRITE R AR15 LABEL
CALL #1TE2Vt300e125 1000e0ete36eleTITReNLAST),

,

I C WRITE T!TLF.
'

I CALL #1TE2V(250 925 1066 0et.2ReleTITL0eNLAST)
JOIN POINTS WITM STAAIGHT LINEg

_ }C
.

NKKMisNKK )
4 00 1 IsleNwkM1

X1sTO(1)
R2sTO(1+1)'

11sNKK+1=1
Y1sGW(11)
Y2sGW(4KK-1)

I IR1sNR8tR1)e



.

31--

!Y1oNYVtY1)<

!K2sNXV(X2)
!Y2sNYVtV2)
CALL LINEV(!X1.!Y1,1X2.!Y2)

O-
,

1 CONTINUE
RE\ URN

! END
SURROUTINE SVGW(NMMeWeGWe5VeleteWC,0ePeXLAM0eWCPe0PeR#1
DIMENSION GW(1),W(1) 5V(1),RR(1)
P!s3 14159 i'

P!2s6.2831R52
05UMs0. I

D0 1000 !al.NMM ,
.

NWsNMM-!*1
POWS 2.*R*W(!)*5 ';.
IF(POW.GT.50.0) 60 TO 610 '
TRAN5st.-EvP(-POW)
GO 70 611

610 TR.AN5ml. |
611 95sB/TRANS i

WCYS=W(!)
OY5s50RT(4.0*B5/*!) J
X5Ps-WCY5*5/(P12*ALOGtP)) 3

MSTARs50RT(2.*ALOGt2.*X5a))
Ets-RSTAR*QYS*S04T(P!/2) ,

ARGs2.*X5Po(1.-EXP(E**1
"

RSPs50RT(2.*ALOG(A.
RR(1)=R5P
GW(!)s(4.em5/(W(1)*P!) (SV(NW)*W(11/45P)**2-G5Uw) I

[ IF (GW ( ! ) .LE. 0. 01 ) GW ( !) s o . 01 1
,
'

' IF(!.GT.1)G0 TO 140
l 650M s 0.5'W ( 1 ) *GW ( 1 ) 1

GO TO 1000i

140 G5UM*05UM + 6W i ! ) * ( W (! )-W ( 1-1) )
1000 CONTINUE ,

| WCPs0.0
gps 0 0

ALAM0s0.
XLAM1s0. 1

XLAM2:0. L
'

00 5 !steNMK ,

OUMXs(GW(!)+GWII-111/2.
DUMYsW(!)-W(!-1)
IF(GW(I)-GW(!-11) 10,15,15.

10 AsGW(1)
5=GW(1-1)
WR ARsDUNYo (2.*R+ A) / ( 3.* ( A*B) )
WSTARsW(!)-WBAR

I GO TO 16
~

15 AsGW(!-1)|

| ssGW(!)
| W8AR=DUMYo(2.*M*A)/(3.*(A*B)) ;

W5TARsW(!-1)+WBAR I
| 16 AREAsDUMX*0UMY '

XLAM0=XLAM0+ AREA
XLAM1sXLAMl+WSTAR* AREA !

5 XLAM2=XLAM2+(WSTAR**2)cAREA i

WCP=50RT(XLAM2/XLAM0)
R AT !0s (XL Aw1 * *P) / (XL AW0* XL A12) J
0*s90RT(1.-RAT!0)

.

-m. -,w--,,.mwn-,-e-----, ....,,,,wnwn ,.,-n,w.,e. ~ ,-w,_ , m.--, , ~ - , - - - , , , , -e.rw.,w-w,v,wwme~"
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1

I*I atTURN
END:i '

' '! /e .

ii //G.5C4020 00 0$NAMEsttPLOfeD!$Ps(NEW PA55), UNITS 5YSDa.
// SPACES (1020e155.f)) |

//G.5Y$1N DD * J
i

SfMULATION OF E4eTHQUAME (OPT!DN 1) RY SHIM-SMENG PAUL LAl
0.02 3.0 0.02 3.0 .1 500.0

i 2 20 15.0 20.0 0.0 00 00 0
g

0.01 1.0 1235 3 2 1 200 6 0 0
g

0.02 0 05 01
0143 1.0

,

0263 19 ,

.3064 22.c

.2666 75.0
| 3 333 95.0'

*

j 90 60.0
/*
// STEP 2 EXEC SC4020ePAPMa'M11796eP14568.HA4DCOPY'

ij; /*

6

4

[
,

,

e

:|g
*

.
i
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li .
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ATTACHMENT 5
Theoretical Background Section of the VerBoation Fue

of theImpen Program SPEOGEN
Gheomtical Bads of SPEOGEN is used in the SASSI module RANDOM)
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PROGRAM SPECIF1 CATIONS

O The purpose and scope of program SPECGEN, Version August 1988 are described below.

Proaram Function.

The program SPECGEN, Version August 1988, uses a known set of soceleration response
spectra for ghten damping ratios, to generate acceleration response spectra for any
damping ratio. This is achematicWly shown in F%ure 1.

Figure 1: SPECGEN FUNCTION

r-
BPECGEN can use one or several response spectra as input to generate the additional

O response spectra. .

Anplicailan.

The main application of program SPECGEN can be found in old nuclear power plants where
only floor response spectra for low damping ratics are available if spectra for higher
damping ratios are needed, and neither the grouna input motion nor the structural models
are available, then SPECGEN can be used to generate those new spectra without .

regenerating structural models and/or time.hlstory analyses.

Limitations.

The numerical errors in the methodology increase as the difference between the damping
ratio of the known spectrum and the damping ratio of the target spectrum increases.
Therefore, it is advised not to generate spectra for a very high (low) damping from a very
low (high) damping spectrum (e.g., generate a r damping Spectrum from a 1%
damping spectrum).'

Program Language-

SPECGEN, Version August 1988, has been coded in FORTRAN 77 on the VAXNMS Version
4.6 system.

7
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i

O
Usar Raquiramants

No special requirements are needed for the user. The input to the program is described in
detailin the User's Manual. |

4

Pronram Damian-

| Program SPECGEN, Version August 1988, is composed of a group of independent
,

subroutines which are designed to perform specific functions. A brief description of I*

each subroutine is provided below. Figure 2 provides a now chart which shows how the
various subroutines are linked together.

.

input and output- .

The input consists of a set of control parameters, a set of known respc nse spectra and a set
of damping ratica defining the target spectra. The input data are inpui from tape 5. In

I addition to an echo of the input, the output consists of the fir al power spectral density
function and the set of target spectra for the requested damping ratios. The output is
written to tape 6 by the program. Output response spectra are also written to tape 7. l

| Danctlptlen of Eubroutinan-

l

| 1. Program BEGIN
f.
p creates blank common for double precision varlsbles-

V reads number of output frequencies, number of input frequencies, and number-

of output spectra to be generated

2. Subroutine SPECGEN

reads input data-

ocho prints input data-

distributes tasks-

wrlies results-

3. Subroutine ORGW

organhos output frequencies in numerically ascending order-

4. Subroutine GENR

uses input response spectrum, input frequencies and linear interpolation to-

Generate input response spectrum (R) at output frequency points.,

5. Subroutine PEAK

calculates peak factor using one of two possible methods-
f.

a. Der Kiureghlan [1]
b. Vanmarcke [2]

,

, . - -
. . . . _ _ . . . . ..
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6. Subroutine AROW

generates one row of the A matrix-

7. Subroutine MMULT

performs matrix multiplication, TEMP = A S--

8. Subroutine RKNEW

calculates new spectrum values; RSAR = PF YTEMP-

9. Subroutine CONV

checks to see if specified tolerances are satisfied-

10. Subroutine NEWS

Calculates error factor at each frequency; E = (R/RBAR)2-

calculates new PSDF; 8. E S-

f, 11. Subrou'Jne SAVES -

Saves resulting PSDF for each input response spectrum-

- 12.- Sebroutine ENVAVG ,

calculates the enveloped / average PSDF-

13. . Subroutine FACRNEW

calculates te lo of input ZPA to output ZPA.- If the ratio is greater than one the-

submutine multiplies (rcises) the entire response spectrum by that ratio.
Otherwise, the subroutine lowers the output spectrum exponentially from the
spectrum value at frequency NFRQZPA, es defined by input, to the input ZPA
value. ,

, References

=[1]- Der Kiureghlan, A., ' Structural Response to Stationary Excitation," Joumal of the
Engineering Mechanics Division ASCE, Vol.106, No. EM6, Proc. Paper 15898,

- December,1980, pp.11951213.

J2) Vanmarcke, E.H.' (1976) " Structural Response to Earthquakes," Chapter 0 of
' Seismic Risk and Engineering, Decisions" C. Lomnitz and E. Rosenblueth, eds.,
Developments in Geotechnical Engineering, Vol.15, Elsevier Scientific Publishing
Company.
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f 1. INTRODUCTION j

| Several methods for evaluating the effect of local soil conditions on

ground response during earthquakes are presently available. Most of these

!
methods are based on the assungtion that the main responses in a soil

deposit are caused by the upward propagation of shaar vows from the
! underlying rock formation. Analytical procedures based on this concept in-'

corporating mon 11asar soil behavior, have been shown to give results in

good agreement with field observations la a suaber of cases. Accordingly

they are finding increasing use in earthquaka angtseering for predicting
!

responses within soil deposits and the characteristics of ground surface

- actions.i

i The analytical procedure generally tavo? e e folieving stapes

1. Determine the characteristics of tb e tions likely to develop ta
.

the rock formation underlying the sina, and select an accelero-

gram with these characteristics for use in the analysis.

The maximum acceleration, predominant period, and offactivej.

duration are the most taportant parameters of an earthquake

actim. Empirical relationships between these parameters and t

the distance from the causative fault to the site have been

established for different angnitude earthquakas (Outenberg and

Richter,1956, Seed et al,1969, schnabel and Seed,1972). A

design motion with the desired characteristics can be selected

from the strong motion accelerograms that have been recorded

during previous earthquakes (seed and Idries,1969) or from

artificially generated accelerograms (Rousner and Jennings,1964).

O

- . _ .



___ _ _ . _ _ _ _ _ _ _ _ . _ , _ _ _ _ , _ , _ _ _ _

2

)
!

l 2. Determine the dynamic propertf.es of the soil deposit.

! Average relationships between the dynamic shear moduli and

damping ratios of soils, as functius of sheer strain and static

properties, have been established for various soil types (Hardin

and Drnevich, 1970, Seed and Idries, 1970). Thus a relatively
,

simple testing program to obtain the static properties for use
!
J in these relationships will often serve to establish the dynamic
j
1 However moreproperties with a sufficient degree of accuracy.

'

.

elaborate dynamic testing procedures are required for special

problems and for cases involving soil ' types for which empirical

relationships with static properties have not been established.
,

L

3. Compute the response of the soil deposit to the base-rock actions.

A one-dimensional method of analysis can be used if the soil

structure is essentially horisontal. Programs developed for
j

performing this analysis are in general based on either the

I solution to the wave equation (Kanai, 1951; Matthiesen et al.,

1964; Roesset and Whitman,1969; Lyssar et al.,1971) or on a'

lumped mass staulation (Idriss and Seed, 1968). More irregular
'

soil deposits may require a finite eleaant analysis.

In the following sections the theory and use of a computer program
.

based on the one-dimensional wave propagation method are described. 'The q

program can compute the responses for a design action given anywhere in the

system. Thus accelerograms obtained from instrunsats on soil deposits can

be used to generate new rock actions which, in turn, can be used as design

action for other soil deposits, ese Fig.1 (Schnabel et al.,1971). The

' program also incorporates nonlinear soil' behavior, the of feet of the elas-|

ticity of the base rock and systems with variable damping.

_. - _ - . . . _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ __
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'I

a

] 2. THEORY

The theory considers the responses associated with vertical propagation
,

of shear waves through the linear viscoelastic systes shown in Fig. 2. The

system consists of N horisontal laytre which antand to infinity in the ;

horisontal direction and has a halfspace as the bottom layer. Each layer

is homogeneous and isotropic and is characterised by the thickness, h, mass

density, p, shear modulus, C, and damping factor, 8.

2.1 Propaastion of harmonic shear waves in a one-diaansional systes. ;

Vertical propagation of shear waves through the system shown in Fig. 2 ,

will cause only horizontal displacementet

u = u(x,t) (1)
i

* which must satisfy the wave equationt ,

'

I\
| 9u,g Pu,y Pu (2)

8

p
88 3x 8t3x

Earmonic displacements with frequency W can be written in the forat

u(x,t) = U(x) * e (3)

substituting Eq. 3 into Eq. 2 results in an ordinary differential

equations

(G + im) 0 = pw'U (4)
da

.

which has the general solution

U(x) = Es + Fe (5)*

in which-

O ,. . s .a (.)
G + twr G*

_ _ _ _ _ . . _ _
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O
'

i Loyer Coordinate Propo g o tion Properties
No System Directioni

u i
; r 4 ,

Ib

"X G, S, p, h,a- -- -*
| | i

ur <

: ;, ,

"X !'L *

.

f .

| _ mu
_

"
"Xm

'

G, S, p, hm.- -- -*
m

o
u +im

,

'

"Xmi -- -- -+

G , , , S, , , p . , h, , , ;m +1 o
I

u +3m

"Xm+:*

*
u n .

N "Xn+i N N PN h .ew
,,

.y.. ..

\Porticle motion'

| Incident wove
1

|
Reflected wove

1
|

Fig. 2' ONE - DIMENSION AL SYSTEM

.
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where k is the complex wave number and C* is the couplex shear modulus.
1.

The critical damping ratio, 6, is related to the viscosity n by
.

.

: un = 2GB

Experiaants on many soil materials indicate that G and 6 are nearly constant

over the frequency range which is of main interest in the analysis. It is

4

therefore convenient to express the couplex shear modulus in terms of the

critical damping ratio instead of the viscosity: !

G* = G + twq = G(1+2iB) (7)*

where G* can be assumed to be independent of frequency.

Equations 3 and 5 give the solution to the wave equation for a harmonic,

motion of frequency wt

u(x,t) = Xe ( "} + Fe'A( } (8)'

I.

where the first tera represents the incident wave travelling in the nega-

tive x-directica (upwards) and the second term represents the reflected

j wave travelling in the positive x-direction (downwards).
;

Equation 8 is valid for each of the layers in Fig. 2. Introducing a

local coordinate system X for each layer, the displacements at the top and

bottom of layer a ares

u,(X = 0) = (E, + F,)e (9)

~ik h,
ik*h + Fj .

gau,(X h ,) = (E, e

The shear stress on a horitental plane is

t(x,t) = G h + n h = G* h (11)
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5

,

O or by Eq. 8:

t(z.t) = ikC*(Ee - Fe *)e (12)~

and the sheer stresses et the top and bottom of layer a are respectively:

(13)t,(X= 0) = ik,C * (E,-F,) e

"" I

1,(X=h,) = ik,G* (Ee - F,e * *) e " (14)

i

Stresses and displacements must be continuous et all interf aces. Hence, by

Eq. 9. 10, 13 and 14:

ik ,h -ik"h
,

"
Egg + Fgg = E ,e " + F,e (15)

k C* ik h -ik h

II e -F,e " ") (16)E -Fgg = Gygg s
,

Subtraction and addition of Eqs.15 and 16 yield the following recursion
|

{
and F ,,3, of the incident and reflected

| formulas for the amplitudes. Egg
i

|
wave in layer n+1 expressed in terms of the amplitudes in layer at

'

-ik h( ik*h '""
E,43 = jT,(1M,)e ,(1-0,)e (17)

,

'

-ik hik ,h
gy=ft,(1-o,)e "+h,(1+o,)e (18)""

F

where a, is the couplex impedance ratio

1|E
k G* p G* ,

*I ) Maaaa
"a * k pg ygGgg yg pG

j

1
'

1 which again is independent of frequency.

O

__ - - _ _ - _ _ - _ _ -__
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In addition.At the f ree surf ace, the shear stresses smet be sero.'

'. +1.e., the amplitudesand X equal to sero gives E3 +
3

[ Eq. 12 with 13 g

of the incident and reflected waves are always equal at a free surface.'

h Beginning with the surf ace layer, repeated use of the recursion formulas'

| Eqs.17 and 18 leads to the following relationships between the amplitudes

in layer a and those in the surface layers

(20)E, = e,(w) Eg

(21)F, = f,(w) E3
l_

The transfer functions e ,and f ,are simply the amplitudes for the case
:

= 1, and can be determined by substituting this condition intoE3=T|
the above recursion formulas.

3

Other transfer functions are easily obtained from the e, and f,

The transfer function A,,,between the displacements at level nfunctions.

I and a is defined by

:

C

A,,,(w) = u ,/u ,

and by substituting Eqs. 9, 20 and 21:

e (w) + f (w) ( )
A a("I * e (W) + f (w)n

:

Based on these equations the transfer function A(w) een be found between

any two layers in the system. Hence, if the motion is known in any one

! layer in the system, the action can be computed in any other layer.

The amplituoes E and F can thus be computed for all layers in the=

system, and the strains and accelerations can be derived from the displace-

_

ment" function. Accelerations are expressed by the equationt

. . . _ _ -
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'

l

' O A *) + Fe'AI II) (23)V U(x,t) = = - w'(Le

I and strains by:
1

y = h = ik(Ee (kr+wt) , y,-i(kx-wt))i (24)

i

2.2 Ratio between rock outcrop motions and base rock motions.
1

If the amplitudes of the incident and reflected wave components, Eg

and F , in the elastic half space, Fig. 3a, are known, the motions in the
g

halfspace with the soil system removed. Fig. 3c, are easily computed. The

g = E , and theshear stresses are sero at any free surface; thus F g

at the |incident wave is completely reflected with a resulting amplitude 2Eg

free surface of the halfspace. The esplitude of the incident wave in the
|

halfspace is independent of the properties of the system above it since
,

the reflected wave is completely absorbed in the halfspace and does not

contribute to the incident wave. The incident wave component, E , is~

g

therefore equal in all systems shown in Fig. 3.

Theratiobetweenthebasemotion,u,andthemotion,uj,atp

the free surface may be computed from the transfer functions
i

g (w) = q = N(") + I (U)
u "
N N (25)

29 )
The transfer function between the action at the surface of the deposit, u ,y

and the motion at the free surface of the halfspace ist
,

'

(26)gg(w) =

If the halfspace is the rock forestion underlying a soil deposit, sq. 25

shows the ratio between the motion in the base rock and in the out-

cropping rock. The ratio between the asp 11tudes of the base rock notion

,
,

-, --....,,.,.__.,.~..m_c.-,. . , - . . - _ . . _ _ , , , ._,m.--
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'

.
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!
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f

!

I
Fig. 3 ONE- DIMENSIONAL SYSTEM WITH OUTCROPPING LAYERS |,
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' '
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and the outcropping rock action is always less than 1, with atniaua values

.

at the resonance f requencies of the deposit. Transfer functions for the

deposit used in the example,(Sect. 6), are shown in Fig. 4. The amplitude
:

of the base rock action is only 65% of tt.k amplitude of the rock outcrop

motion at the fundamental f requency of the deposit. This dif ferance is a

function of the impedance ratio between the deposit and the rock and of the

damping in the deposit.

The dif ferences in the couguted responses resulting f rom the use of a rigid

base, reistive to the use of an elastic base, depend also on which frequencies

are dominant in the rock notion. Rock actions with frequency dominance near the
-.'

resonant frequencies of the deposit will be considerably more affected than

motions with frequency dominance between the resonance frequencies, see Fig. 4.

The effect of the elasticity of the base rock is, therefore, not only a function

of the impedance ratio between deposit and rock and of the damping in the

deposit, but also of the frequency distribution of the energy in the rock

action relative to the resonance frequencies of the deposit.

-

An approximation for the free surface motion for one of the layers in

the system. Fig. 3b, any be obtained in the same way as for the halfspace,

provided the incident wave component in the outcropping layer and in the
1 layer within the system are equal-1.e. E, * E' . This is approximately the

case when the properties of layer a and all layers below are equal ta the

two systems and when the impedance, p, V,, is of the same order of magni-_

tude as for the halfspace. This is the case for eassple, in sedimentary

rock layers overlying a crysta11tne rock base. For a acre actuate solution,

the action in outcropping layers aust be computed in a separate system from

O the action in the halfspace.

;-

.. _
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2.3 Transient actions

The expressions developed above are valid for steady state harmonic
,

motions. The theory can be autanded to transient actions through the use

of Fourier transformation.

A digitized seismogram with n equidistant acceleration values, U)(j'At),

j = 0, .. . . .n-1, can be represented by a finite sum of harmonic actions:

a2 iW,t -tW,t
U(t) = (a,e + b,e ) 627)

e=0

where w , s=0......n/2 are the equidietant frequenciest
,

2 gg,), ,e, = , . g

a, and b, designates the complex l'ourier coefficients:
,

O a-1 iw gn-1 .gw*t
a =1 [ U(t)e , b* = 1 [ U(t)e (29)*

j=0 * j@e n

and each ters in Eq. 27 is a harmonic action oscillating with frequency

w,.
If the series in Eq. 27 represent the action in a layer a, a new

series representing the motion in any other layer n, is obtained by

applying the appropriate amplification factor from Eq. 22 to each term in

the sortest

2 iw,t -tu*t
e +b ,a ) (30)U ,(t) = A,,,(w,) . (a,

The representation of a discrete motion with its Fourier transform

gives an exact representation of the action at the discrete points t = j'At.

j = 0,.....n-1. Cyclic repetition of the action with the period T = n*6t

__ __. _ _ _ _ __ __ _ _ . __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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| ,

is implied in the solution. The solution applies, therefore, to an infinite i
,

train of identical accelerograss rather than the given singic accelerogram.

For systems with damping this is not of any significant consequence since i

the individual accelerograms can be separated by a quiet zone of seros causing

the responses from one cycle to damp out before the beginning of the next i

cycle.

The Fourier Transformation can be perforasd in several ways. The SRAKE
-

,

program utilites the Fast Fourier Transform algoritha developed by Cooley

and Tukey (1965), which is faster by a factor n/logn over the conventional

method. This t*:hque computes all values in the series simultaneously.

The annod requires that the number of terms in the series be soma power of

2. A typical analysis using an acceleration record of 800 terms with tins-

step 6t = .02 sec. will use 1024 values in the Fast Fourier Transform, with

all values between 800 and 1024 set equal to 0. This will satisfy both the

requirements of a quiet sone after the acceleration record and that the total

number of terms must be a power of two.

3. DESCRIPTION OF PROGRAM SRAKE
'

Program SHAKE computes the responses in a system of homogeneous, visco-

elastic layers of infinite horisontal extent subjected to vertically
1.

travelling ahear waves. The system is shown in Fig. 2. The program is based

| on the continuous solution to the wave-equation (Kanai,1951) adapted for
L

use with transient notions through the Fast Fourier Transform algoritha

(Cooley and Tukey, 1965). The nonlinearity of the shear modulus and damping

| 1s accounted for by the use of equivalent linear scil properties (Idriss and

_

Seed,1968, Seed and Idriss.1970) using an iterative procedure to obtain

values for modulus and damping cospatible with the ef fective strains in each-

layer.

|

|
-- - . - - _ - - . - .
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| The following assumptions are implied in the analysis:

1. The soil system extends infinitely in the horisontal direction.'
,

I
.

2. Each layer in the system is coupletely defined by its value of
I

shear modulus, critical damping ratio, density, and thickness.

These values are independent of frequency.'

3. The responses in the systes are caused by the upward propagation

of shear waves from the underlying rock formation.

4. The shear waves are given as acceleration values of equally spaced

time intervals. Cyclic repetition of the acceleration time

history is implied in the solution.

5. The strain dependence of modulus and desping is accounted for by

an equivalent linear procedure based em an average effective

strain level computed for asch layer.

The program is able to handla systems with variation in both modult

and damping and takes into account the effect of the elastic base. The

f motion used as a basis for the analysis, the object motion, can be given in

i any one layer in the system and new motions can be computed in any other

layer.

The following set of operations can be perfossed by the progrant

1. Raad the input action, find the maximum scoaleration, scale the

values up or down, and compute the predominant period.

2. Read data for the soil deposit and compute the fundamental period
.

of the deposit.

3. Compute the maximaa stresses and strains in the middle of each sub-

layer and obtain new values for modulus and daseing compatible with

a specified percentage of the maximum strain.

|
|

-- -- - - - . - - ._ _
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4. Compute new motions at the top of any sublayer inside the system

or out cropping from the system.
,

5. Print, plot and punch the motions developed at the top of any
I

,

J sublayer.
,

6. Plot Pourier Spectra for the motions.

7. Compute, print and plot response spectra for actions.

8. Compute print and plot the amplification function between any two

subisyers.
,

9. Increase or decrease the tima interval without changing the pre-

|
dominant period or duration of the record,

10. Set a computed motion as a new object action. Change the accelera-i

tion level and predominant period of the object action.
| ,

11. Compute, print and plot the stress or strain time-history in the

middle of any sublayer.

These operations are performed by' exercising the various available options

in the program. A list of these options is given in Section 5 Required
'

Input Data.

4. SYSTEM AND OPERATION DOCUMENTATION

4.1 Computer equionent

The program has been developed on a CDC 6400 computer using FORTRAN IV

language . The CDC 6400 has a 131 k core memory and uses a 60 bit words.
'

The program has been run without modifications on CDC 6500, 7600 and

UNIVAC 1108 computers , and with minor modif1 cations on IBM 360 and 370
;

1.

I
computers.
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4.2 Storane requiremen g

The program requires approximately 50,000 octal words of storage

The additional s*orage is a function of theancluding the blank common X.
z

maximum number of terms used in the Fourier Trnasform as shown in

Table 1.

L Table 1. Storaae Raoutrements
-

_.

Number of 14nsth of Field 1m.pth
torna erray X octal

p

0 0 50,000

512 3220 57.000

1024 6420 65,000

2048 12820 102,000
-

4096 25620 134,000

_

8192 51220 220,000

4.3 Runtias"

The runcina is a faction of the number of terms, a, used in the
The

Fourier Transformation and of the sunbar of sublayers sa the deposit.

time involved in the Fast Fourier Transformation is proportional to
La the

malognt all other operations are approximately proportional to n.

soaputatice of strain compatible soil properties, the time will also

E ' inerasse in proportion to the number of sublayers. .

For the omaaple re, Sect. 6. the approsisata run tians on the CDC 6400

are shown in Table 2.

O |
|

.

. . . . , . ,



.

14

l
Table 2. Run t isie s .

Number of Time Run time
terms interval, sec. sec.

512 .04 45

1024 .02 80

2048 .01 170

5. REQUIRED Ih*PUT DATA

5.1 organisation of input data.

Following is a description of the operations performed by the different

options, the required format for the input data, and explanations of some

of the input parameters. The input format is also described at the

beginning of the main program, see listing sect. 8.3.

The various options can be executed and repeated in any logical sequence.

The operations in an option will be perforand on the data given or computed

in the program when the option is called, and the data any be changed at any

time during the execution by repeating the option with new data.

For example, in order to compute new motions in a sal 1 deposit (option 5) ob.

motion (Option 1), soil profils data (Option 2), specification of location

of object action (option 3), dynamic soil property-strain relation (Option.8),

and strain iterations (Option 4-if strain compatible properties are desired),

must precede option 5. Soil responses for a new (additional) soil deposit

may be obtained by repeating Options 2, 3, 4, and 5. The last-road soil

deposit may be subjected to a new earthquake by repeating options 1, 4, and 5.

1
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5.2 Initialisation card (15,F10.0)

Cols. 1-5 MAMAX Maximum number of terms to be used in theFourier Transformation in any of the problems
to be run. Must be a power of 2 such as 512,
1024, 2048, etc.

6-15 SKO Coef ficient of earth pressure at ra:t for sand
layers. If blank the value is set equal to
0.45. Hay be left blank if all layers are clay.

_

After the initialisation card follows one run option card.

5.3 Run option card (15)

cols. 1-5 KK Run of option

0 - stop, no more data
1 - read input action, and set as object action
2 - read soil profile data
't - assign the object motion to a specified

sublayer
4 - iterate to obtain strain-compatible soil

properties
5 - compute new motions at the top of specified

sublayers, print maximum accelerations and-

O 6 - print or punch acceleration time history of
punch acceleration time history

object action or any specified computed
-action

7 - nodify object action or set the action in any
specified sublayer as new object motion

8 - read relations between dynamic soil properties
and strain

9 - compute response spectra for any specified
action

10 - increase time interval in notions
11 - decrease tima interval in actions
12 - plot Fourier Spectrum of object action
13 - compute and plot Fourier Spectrum of motion

in any specified sublayer
14 - plot acceleration time history of object

action or any specified computed action
15 - compute and plot amplificetion function

between any two specified sublayers
16 - compute and plot stress or strain history in

the middle of any-specified sublayer.

After the run option card follows the data set for the selected

option:

.

A. .
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5 . '. Detn cards and explanetory notes for the various options

Octton 1. Read Input Motion.

Operations performed
'.

(1) Acceleration values are read f rom cards. c

(2) The sequence of the cards is checked.

(3) The maximum acceleration value in the record is found.
(4) The acceleration values may be scaled either by a specified

f actor or to a specified maximum acceleration.

(5) Trailing zeros are added gehe record to obtain suf ficient
length on the quiet zone and a total number of values
which are a power of 2.

(6) The higher frequencies in the record are rencved and the
maximum acceleration in the modified record is found--optional

(7) The motion is set as the new object action.

Data Cards

1st Card (215,F10.0,5A6) i
,

L Cols. 1-5 NV Number of acceleration values to be read
; from cards.

6-10 MA(*} Number of values to be used in Fourier
transform. Must be a power of 2.

}11-20 DT Time interval between acceleration values
(sec.)

22-50 TITLE (I) Identification for earthquake. ,

2nd Card (3F10.0)
(

Cola. 1-10 XF Multiplication factor for acceleration j

values. Used only if XMAX is 0, lef t
blank otherwise.

,

I
11-20 XMAX Maximum acceleration-value to be used.

The acceleration values in the record wil?
be scaled-to give maximum acceleration =
XMAX , unless XF is lef t blank.

21-30 FMAX(*) Maximum frequency te be used in the-
calculations. Acceleration amplitudes
at all frequencies greater than FMAX are
set aqual to 0.

3rd and consecutive cards. Acceleration record. (BF9.6.17)
.

Cols. 1-72 X(I) 8 acceleretion values. (g's)
73-79 K Card number. Warning vill be given for

;

cards-not in sequence.
'
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Explanatory notes for option 1,.

The acceleration values between NV and MA are set equal to 0. in the(a)

Cyclic repetition of the motion 4.s implied in the Fourierp rogr am.

-

transform and a quiet zone of 0 's or low values are necessary to avoid

interference between the cycles. For most problems a quiet sone of 2-4

seconds is adequate with longer tins required for profiles deeper than

- about 250 f t and/or damping values less then about 5 percent.

.(b) The predominant period of the earthquake record can be changed by

altering the time interval At from that originally assigned to the

acceleration record. If the original record has time interval At and
A*

.- corresponding predominant period T , a nov predominant period Tg 2

obt.ained by changing the tina interval to
.

T
2

A'. - At * T *12
1

Frequancies above 10-15 c/see carry a relatively small amount of the(c)

energy in earthquake actions, and the amplitudes of these frequencies

can of ten be set equal to 0 without causing any significant change in

the responses within a soil system. Table 3 shows the maximum accelera-

tions and strains in the soil system used in the example run, sect. 6,

computed'for.the Pasadena action with tima interval 0.02 see and a

-
anximum frequency of 25 c/sec. Beaults are also shown for the same

~

The differenceaction with all amplitudes above 5 e/see set aqual,to 0.

in maximum accelerations was less than 6.5% and in maximum strains less,

The difference in respones spectral values=

-
than 0.7% in the two cases.

- was less than 1% for periods above 0.2 see and less than 10% for periods
-

)f rom .0 to 0.2 sec.
_

=

E
1 _ - - - _ _ - ___ _ _ ____ _ - - - - - - - - _ __
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Table 3. Effect of the Higher Frequencies on the f

Maximum Accelerations and Strains. ;

;

I

!
i
r

Pg Maximumacceleration,g1 Difference Maximum strain. I Difference |
f 25 c/sec 5 c/sec % f = 25 c/sec 5 c/see %

|;max max

!

0 .0971 .0962 .9
.00725 .00724 .1

7 .0958 .0949 .3 ;

.1292 .1283 .7 i

20 , .0600 .0599 .1
.0391 .0390 .3

30 .6553 .0556 .6 i
"

.0287 .0287 -

42 .0508 .0507 .2 ,

.00982 .00989 .7 I
62 .0470 .0469 .2 I

|.0505 .0504 .2
80 .0319 .0299 6.3

!;.0349 .0348 .3,

100 .0239 .0235 1.7 |;
- .0320 .0319 .3 !

120 .0178 .0189 6.2 i:

| -
e

i _<

| -

,

.

, .

!
_
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In the computation of responses in deep soil systems from a motion given'

near the surface of the deposit, errors in the higher frequencies will be

amplified and may cause erroneous results. To avoid this source of error,

the amplitudes of all frequencies above 10-20 c/sec may be set equal to 0.,

since these frequencies generally are of little interest and do not affect

the response. Several runs should be performed with different amounts of

the higher frequencies removed to investigate the effect on the response and
1,

to ensure a stable solution.

Removal of the higher frequencies in a action has a smoothaning effect

on the acceleration time history as shown in Fig. 5 for a segment of the
jI

!?
Pasadena motion. In this case the maximum acceleration for the modified and |

'

original motion were approximately equal, but the maximum accelerations any

decrease or increase with the removal of the higher frequencies depending on

-
the shape of the acceleration curve near the maximum value,

f-

Option 2.- Read Data for Soil Deposit.

Operations performed
|

|: (1) The properties of the soil deposit are read from cards.
-(2) The sequence of'the layer cards is checked.
(3) The layers are subdivided into sublayers-optional.
(4) Effective pressures in the middle of each sublayer are

computed.

(5) The fu*ndamental period of the deposit is computed.
|

,

Data Cards

let Card (315,6A6)
,.

Cole. 1-5 MSOIL Soil deposit number. Can be left blank.
IML ") Number of layer cards to be read including card6-10

for halfspace. There is one card for each
layer whose roperties are individually
specified.(b

I

|

1
'

__ _ __ .
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Cols. 11-15 MWL Number of first submetged sublayer .

11f no ground water table present, put
groundwater table at top of halfspace.)

17-51 IDH1(1) Identificatien for soil profile..

2nd and consecutive cards. One card for each layer including
halfspace. (315,6710.0,F5.0)

Cole. 1-5 K Layer number. The layer cards must be in
sequence with the surface layer as layer 1.
Note that the number pf layers may be i the
number of sublayere(bi,

, , ,

10 yygg(C) Soil type
1 - clay

2 - sand
3 - rock

11-15 NLN(a,b) Number of sublayers in layer K. The Eth
layer will be divided into NLN sublayers of
thickness = RL/NLN.*

HL ") Layer thickness (ft.)I16-25

26-3S GHOD( } Initial estimate of shear modulus (kips /eg.ft.)
.

Not necessary if VS is given.

-
36-45 B(d) Initial estimate of critical damping ratio

-

(decimal).
'

46-55- W Unit weight (kips /cu. f t.) .

56-65 VS(d) Initial estimate of shear wave velocity
(ft/sec). Not necessary if GMOD is given.

66-75 FACTOR (*} Factor for shear modulus
Clay - F* = undrained shear strength

-(kips /sq. ft.)
Sand - F* = factor.aodifying the averagecurve read in under Option 8.

Set F = 1. for no change.
'

Rock - F = Shear * wave velocity for low strain
R values-in thousands of it./sec.

76-80 ' BFAC Factor modifying the standard damping curve read
in under Option 8. For example, a factor of 1.2
increases each and every value by 20 percent.

For the elastic half space, soil layer card number ML, it is suf ficient

to give values for K. GMOD or VS and W.

9 * Maximum total number of sublayers including the base is 20.
,

' - - -- -s . . , . . , , , , , |
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Explanatory notes for Option 2.

- (a) With th wave propagation asthod the responses can be computed in a

j homogeneous layer of any thickness. A soil deposit vill, however, have

L varying properties not only due to the variation in the soil itself but[
also due to the differences in the strain-level induced during shaking.

'

[- Since the soil deposit must be represented by a set of homogeneous
p

layers, each with a constant value of modulus and damping, the thickness
'

of each layer must be limited based on the variation in the soil

; . properties. For a fairly uniform deposit, a sublayer thickness
E

| increasing from about 5' at the surface to 50-200' below 100' depth '

should give sufficient accuracy. Accuracy may be checked by making a

trial run and comparing results with a subsequent run whsre more layers

and/cr sublayers are used. [

l (b) The division of a layer into sublayers is for convenience to avoid

punching of several cards with the same properties, and all sublayers

are treated as separate layers in the following computations. The

sublayers are numbered consecutively starting at the top of the soil

deposit and the halfspace is counted as the last layer and the last sub- :

layer in the deposit.
.

(c) Computations of shear modult for the different soil types are based on 4

the following expressions:

Clay G, = K *Ic c -

G, = K, 1000 * (c')1/2 , y'

Sand ,

*p - (1000 F 000.Rock GR"KR R

-
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:

it

where

K = strain function given in Option B.

F = f actor given as input (FACTOR)

p = mass density in kips /cu. f t.

c' = nean ef fective pressure (psf) .

The strain function for clays, K,, gives the average relationship

between G/S and strain for saturated clays. While the undrained shear
u

strength of the clay, S ,, is normally used in this modulus-strain

relation, the f actor for clay, F,, should be given a value which gives

the correct modulus-strain relation; thus F, is not necessarily equal

If the modulus of the clay is found from seismic investigations,to S .u

the value of F, should be set to G,/K,where K, is the value for 10'",

percent strain in the curve given in Option 8.

The modulus and damping are in general used as initial values on the(d)

first iteration for the computation of strain-compatible properties,

but they can also be used directly to compute the rseponses for the ,

values' given, by omitting Option 4. : Typical values of the modulus for
,

strong shaking are of the order of. 500 kips /sq. f t, near the surface -

increasing to 3000 kips /sq. ft. at 100-200' depth for sand, 500-

2000 kips /sq.ft, for clay with values as low as 50-100 kips /sq. ft. for

Usually 3-5 iterations are auf ficient to obtain strainsoft clay.

compatible values within a 5-10% error limit.
-

-

The results are not highly sensitive to errors S.n the damping ratio

and values selected between 0.05 to 0.15 will usually give strain-

compatible values with 2 to 3 iterations.
.-O,

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _.
-
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Option 3. Assign Object Motion to a Specified Subinyer.
'

Operations performed

The object motion is assigned to the top of one sublayer in the soil

deposit.
.

Data Cards

let Card (215)

Cole. 1-5 IN Number of sublayer where object action is
assigned.

Type of sublayer (*) sublayer
6-10 INT

0 - Outcropping
1 - sublayer within profile

Explanatory notes to Option 3.

(* See Section 2.2.
J

.

,

Option 4. Obtain Strain Cog atible Soil Properties.

1 '.|-

Operations perforand

-(1) Parameters for the iterations are read from card. -

(2) Maximum strains, stresses and times for the maxima are computed
in'the middle of each sublayer.

(3) Effective strains are obtained from the maximum strains and used
to compute new. soil properties.

/ (4) The operation is' repeated until strain-compatible soil properties ,

are obtained within a given error limit or until a specified
maximum number of iterations is reached.

I (5) The' fundamental period of the deposit is computed after the final
iteration.

' '(6) - A set of soil data cards with the new strain compatible properties
''

is punched-optional.

,

F

:

. - . -
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4

Data Cards
;

ist Card (215,2F10.0)

Cols. 1-5 KS(*) Set equal to 1 for punched set of soil data
cards with the soil properties after final
iteration. Leave blank if punched cards are
not wanted. ,

,

6-10 ITMAX(b) Maximum number of iterations.
11-20 ERR (b) Maximum acceptable dif ference between the

|. last-used modulus and damping values and
|- the strain-compatible values (percent). I

21-30 PRMUL(*} Ratio between effective strain and martem f
strain (decimal) . |

l

Explanatory notes for Option 4.
|. '

!- '(a) The most ties consuming part of the computations to to obtain strain I

compatible soil properties. A set of soil data cards with strain- |
1

compatible properties may save computer or punching ties if

additional computer runs are to be made subsequently.4

.

(b)- The iterations stop when the specified anximum number of iterations

(ITMAX) is reached or when the dif ference between the modulus and

damping used and the strain-compatible modulus and damping values

is less than the acceptable difference (ERR) . Usually 3-5 itera-

tions are sufficient to obtain an error of less than 5-10%. The

values given as "new values" in the final iteration- are used in all'

computations following Option 4, and the actual error is. lass than

the eyror values given in the final iteration.

(c)' The effective strain is used to compute new soil properties. The
'

ratio between-the effective and the mar h a strsin has been

espirically found to be between 0.5 and 0.7. The responses, however,i

are not highly sensitive '.o this value and an estimate between 0.55

' - to 0.65 is usually adequste, with the higher value appropriate for |

NJ '

giving more uniform straia histories.
!

:

. _ _ - _ _ _ _ _ . _ - _ _ _ . _ - _ _ . _ _ - _ _ _ . _ _ . _ _ _ _ _ _ _ - _ _ _ - - . _ _ _ _ _ _ - . _ _ - - . ,. -. --
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p

p option 5. Compute Motion in Specified Layers.
,

I'
operations performed

(1) The acceleration tien history is computed at the top of specifiedsublayers .

-(2) The maximum acceleration and tians for maxima are printed for the
computed actions.

(3) The computed acceleration time histories may be punched--optional.
(4) The acceleration ti histories may also be printed or plotted(Option 6, 7 and 14) af,

Data Cardse

1st Card (1515)

Cols. 1-75 LL5(I) Array showing the numbers of the sublayers at
the top of which the motion is to be computed.
Maximum of 15 locations.

2nd Card (1515)
Cols. 1-75 LT5(I) Array specifying t s of above sublayers.

0 - outcropping eublayer
;1 - sublayer within profila

3rd Card (1515)
Cols. 1-75 LP5(I)C") Array with mode of output-for the computed

, i

!'
notions.

0 - max. acceleration value only printed.
.1 - punched cards giving acceleration time-

|- history in' addition to the printed !

: maximum acceleration value.

Explanatory nbtes for option 5

(a) The acceleration ties histories can be printed or plotted through

the use.of Option 7 where a specified action is set as the new
,

;object motion.
Subsequent use of Options 6 and 14 give respectively-

a printed and a plotted output of the' acceleration time' history of
the motion.

(b) See section 2.2.
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Option-6. Print or Punch Object Motion.

Operaticas performed .'

(1) Maximum acceleration and time at which maximum occurs are found.
(2) The object action is printed--optional,

l (3) The object action is punched on cards--optional.

b,
( Data Cards" ,

let Card (IS)
Col. 5 K2 Selects mode of output. .

K2 = 0 Max. acc. only

1 Punched output
.

2 Printed and punched output.

Option.7. Change Object Motion.

Operations performed

'(1) A motion at the top of a specified sublayer can be set as the new'

object motion- and printed or punched (Option 6) or plotteds.
.

.(option or used for subsequent computations-optional.

(2) The time step in the object action can be char.ged-optional.
,

(3) The acceleration level in the object motion can be changed--
|

1 optional.

Data Cards

let Card (215.2F10.0)

Cole. 1-5 LL1 Number of sublayer. Use 0 if object pioni

originally assigned is to be retained aj,
6-10 LT1 Type of above subleyer.

0 - outcropping (c) sublayer
1 - sublayer within profile

11-20 XF- Multiplication factor for-acceleration values--1.
for no change.-

21-30'InNEW New timestep(b) ,

.

Explanatory notes for Option 7

/ (a) The acceleration level and timestep can be changed either on the

action originally set as the object action, or on the computed

7
- - - - . - - _ _ _ _ _ _ _ _ _ _ _ _ __ _
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motion which is set as the new object motion through Option 7.

(b) A change in time interval vill change the predominant period of

the motion. If the time interval and predominant period of the
|_

original motion are 6t and T , respectively, a new predominant'

y y

is btained by changing the time interval toperiod T2

T
2

A|- At2=7tg
1

1

(c) See section 2.2. |

L
Option 8. Read the relation between the Effective Strain

and the Dynamic Properties
|

Operations performed

(1) Effactive strain values with corresponding values for damping-
and' moduli are read from cards.

(2) Parameters are computed for interpolation of modulus and damping
! - values using a linear semilogarithmic relation between the given

values.
I- (3) The relationship between the dynamic properties and the strain is

plotted--optional.

Data Cards

let Card-(315,F10.0.10A6)

cols. - 1-5- 'NSOILT Number of different soil or rock types to be
read. Maximum 4.(a)

10 NPL(b) 3,g ,y g, y g,,py,g ,g g ,,
-

11-15' NN(b) Number of strain-values in each logarithmic
unit to be plotted.

16-25 SC Maximum value of the ordinate in the plotting.

26-80 Title or identific.ation data.
Next follows-two sets of cards for each soil or rock type. The first

set gives the relationship between the shear modulus parameters (C) and

the ef fective strains; the second set give the relation between the

critical damping ratios and the effective strains. Typical data is

shown on page 40.

l
l

l

|

_ . _ _'
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First Set

:let Card (15,F5.0.11 A6)
,

L
Cols. 1-5 NV(L) Number of strain values to be read.

Maximum 20.
:

! 6-10 FPL(L)(b) Multiplication f actor for shear-modg
parameter. Used for plotting only.

12-76 ID(L,1) Identificatir1 for first data set. Used
for plotting enly.

2nd and consecutive cards (8F10.0)
Cole. 1-80 E(L,1) Ef fective strain values in percent

beginning with the lowest value. 8 values
i per card with maximum of 20 values.

Consecutive cards (8F10.0) I*)
Cole. 1-80 Y(L,1) Values of the shear modulus parameter

corresponding to the strain values given
above. Eight values per card with

| maximum of 20 values.
l

Second Set-

The input format.for the second set is identical to that for the first

set with values of critical damping ratios in percent instead of the

values for the- shear modulus parsaster.

Explanatory notes.for option 8.

(a) Three different soil or rock types can be used in the program as

described in Option 2. The relationships between effective strains

and the dynamic properties must be read in the sans sequence as the

soil type using the notation:
-

1 - Chy ,

'

2 - Sand
;

3 - Rock ,

(b) The' values for the shear modulus. parameter and the damping can be

O. plotted against the effective strains. If plotting is specified
|- V
! (NPL = 1), values for the shear modulus parameter and damping are

_ _ _ _ _ _ _ _ _ _ -._________ _ _ __ _ _ ______ _ . _ ___ _._ _- - - --



.~ - - - - . - . . . . . . . . ~ - . . . - _ - _ _ _ - - _ _ _ _ - , _ , . _ _ _ _ _ _ _ _ _

o

29

?

computed for a specified number of effective strains (NN) in each

log 6rithmic unit. The computed values should be sr.e. led (FPL(L)) to ;

o '

|
obtain good representation of all curves on the same plot. The

i

L

L
scaled values and the corresponding effective strains are also

printed.

(c) The values are used to compute the shear modulus for the different

! soil types., The relationship for sand and clay used in the progra

is based on the expressions given by Seed and Idriss (1970):

(. G (Y)
Cisy K,(Y) * ||.

|

i

G (Y) >
| .

Sand K,(Y) = 1000 - (c' ) '' '

The relationship used for rock is the scaled ratio between the shes

modulus at low effective strain-(10~" percent) and the shear modulu

at a specified effective strain
q

g (y) = G(y) *
000.

Rock
,

G(y10'")

. o tion 9. ' Compute Response Spec.tra-|s r
.

Operations perforised-

(1) The action is computed at the top of a specified sublayer.
(2) Times for maxima in the acceleration, velocity and displacement

spectra are computed and printed.
(3) Acceleration and velocity spectra may be plotted and/or punched on

cards--optional. .

Data Cards
,

1st Card (2I5)
Cole. 1-5 .LL1 Subisyer number. Use o if the response spectra

are to be computed for the object action.
10 LT1 Type of sublayer.

0 - outcropping sublayer
1 - sublayer within profile.

The response spectra are computed for the action
the tcp of the sublayer. May be left blank if LL14

__
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2nd Card (515)
.

col. 5 ND Total number of damping values to be used.
Maximum 6 values.

10 KP Set equal to 1 for punched output.

15 .KAV Select plot and punch options f
0 - plot and/or punch velocity spectrum .

1 - plot and/or punch acceleratioa spectrum |

2 - plot and/or punch acceleration and velocity j

spectrum.
I

20 KPL Set equal to 1 for plot of spectra according to KAV.
All spectra computed since last plotting will be
plotted together.

25 -KPER Select periods to be used in the computations:
KPER = 0

<9 steps from 0.1 see to 1. sec
5 steps from 1. see to 2. se:

!

4 steps from 2. see to 4. sec
.,

KPER = 1
18 steps from 0.1 see to 1. sec !
10 steps from 1. see to 2. sec ,

8 steps from 2. see to 4. sec
.

iKPER = 2
,V 38 steps from 0.05 see to 1. sec ;

20 steps from 1. see to 2. sec :

30-steps from 2. see to 5. sec .{4|

KPER = 3
Logarithmic increments with 10 steps in each
log. unit from 0.1 to 5.

|-

KPER = 4 .

I'
. Logarithmic increment'with 25 steps in each
: log. unit from 0.05 to 10.- ,

,

3rd Card (6F10.0)
Cols. 1-60 ELD (1) Values of critical damping ratios in decimal i

to be used in the spectral analysis. ND
number of values must be given.

,

Option 10. Increase the Time Interval' ..

-

Operations performed
..

The time interval is increased.

O

.. - -- - _ _
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|

Data yards j

ist Card (15)
Cole. 1-5 IFR(* tactor for increasing time interval. Must be a

power of 2. |

Explanatory notes for Option 10

(a) The Fourier Transformation of a given acceleration time history

consists of a series of harmonic motions

, '
| n/2 iw t -iw t
i U(t) = [ (a,e + b,e *)*

e=0

With the harmonic actions given, acceleration values can be computed

for any value of the time, t, and a new acceleration time history

can be generated with a time interval different from the origital.

Suppose, for example an acceleration record is given with 2048

values and a timestep 6t = 0.01 sec. Through Option 10 with IFR = 2

a new record with 1024 values and timestep 0.02 see is generated.

The acceleration values in the two records are identical at all

times n . 02 sec., n = 1.2.. 1024. The new record has a maximum
,,

frequency of 25 c/sec. compared to 50 c/sec. in the original

records, and frequencies from 25 c/sec. to 50 c/sec. are lost in the
L

|- operation.

Increasing the. time interval reduces the computer time as shown

under sect. 4.3. For computation of maximum accelerations a time

interval of 0.02 sec will generally give adequate accuracy while

a time interval of 0.04 sec. may be sufficient for the computation

of the stresses and strains in a deposit.

. . _ - _ . _ _ _ _ _ _ _ _ _ _ _ - - __- -__
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|
The difference in maximum accelerations and strains resulting

from the use of dif ferent time intervals are shown in Tables 4

and 5 for the example run. The effect may be somewhat higher

for earthquakes with lower predominant periods and for stif fer

- soil systems.
.

!
*Option 11. Decrease the Time Interval

Operations performed

The time interval is decreased.
.

Data Cards|

ist Card (15)
Col. 1-5 1FR(*} Factor for decreasing the time interval; smet be

a power of 2.

Explanatory notes for Option 11.'

| (a) See explanation to Option 10. . Through' Option 11 e new ties history is

generated with the time interval reduced by a power of 2. Compared

. with the usual' linear. interpolation, this anthod has the advantage

of not introducing additional frequencies to the action.

Option 12. Plot Fourier Spectrum of Object Motion-

Operations perfotaed

(1) The Fourier Spectrum of the object action is plotted.-
''(2) The spectrum may be smoothed--optional.

.

Data Cards ,

.

'ist Card (315)
~

fcols. 5 K1 Select for plottingt
0 - Store spectrum for later plotting. Max. of

2' spectra can be plotted together. i

1 - Plot all spectra stored since last plotting. ,

6-10 NSW<*} Number of times the spectrum-is to be smoothed.

11-15 N Number of values to be plotted-maximum of 2049. <

.

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ . -,z ~ . - - - , - ,-- - -. --mr-- - w e
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-
'

i

. - - -

f

i

.
-

Table 4. Ef feet of Time Interval on Maximus Strain.
_

-

Computed Maximus Strain 2
-

. Depth
- 6t = .01 At = .02 4t = .04

3.5 .00727 .00725 .00725
-

13.5 .129 .129 .127

25. .0392 .0391 .0390

36 .0287 .0287 .0285
_

52 .00982 .00982 .00981

'
71 .0505 .0505 .0505

, _-

-
- 90 .0350 .0349 .0348

- 110 .0320 .0320 .0316

^

--

-

_

E

-

._

M

7

. . . _ . - _ _ . _ _ _
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] [

l

!

:

1

|

Ts.ble 5. Ef feet of Time Interval on Maximan Acceleration.
|

1

Maxim a Acceleration
f

Depth

f At * .01 At = .02 at = .04
'

0 .0971 .097). .0967
,

|

7. .0960 .0958 .0954
,

,

20 .0598 .0600 .0590

!.
30 .0554 .0553 .0548

42 .0508 .0508 .0498

62 .0471 .0470 .0462

80 .0317 .0319 .0318

100 .0238 .0239 .0242

120- .0181- .0178 .0178

4

9

.(

i .~
1'
.

i

I-
-..

|
,,

. _ = _ _ _ _ _ _ _-_ _ _ -__ _-__ __ _ _ _ _ _ _ _ _ - _ _
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Explanatory notes to option 12.

(a) The expression used to smooth the spectrum is

A ,y + 2Ag + A ,g!: g g
Ag= 4

' thwhere A is the acceleration amplitude for the i fraquency.
g

I
Option 13. Plot Fourier Snectrum (*) of Computed Motions

Operations performed

- (1) The actions at the tops of the specified sublayers are coaguted.
(2) The Fourier Spectra for the computed actions are plotted and

printed.

(3) The spectrum any be smoothed--optional.

Data Cards

let Card (515)
- Cols. 1-5 LL(1) Sublayer number.

10 LT(1) Type of sublayer:(b) .0 - Outcropping sublayer
1 - Sublayer within profile.

15 LP(1) Select for plotting:
0 - Store spectrum for later plotting;

! max. of 2 spectra can be plotted

[L 1 - Plot all spectra stored since last
together

I

L plotting.

16-20 LNSW(1)I") Number of times the spectrum is to be.~ *

smoothed.

21-25. LLL(1) Number of values to be plotted.
Max. of 2049.

2nd Card (515) ,

As for Card 1 for a second action. A blank card must be used ff only

one spectrum is to be computed.
.

Explanatory notes for Option 13

_ (a) See Option 12.

(b) See section 2.2.s
-

(c) Sea section 2.3.

._. . . _ . _ _ - . . .
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,;
I

{ } Plot Time History of Object Motion (a)Option 14.' .

Operations performed

The time. history of the object motion is plotted.
L '

Data Cards
.

let Card (215)
Cols. 1-5 NSKIP Number of values skipped in the plotting.

O '- every value is plotted
1 - every second value is plotted
etc.

6-10 NN Number of values to be plotted. Max. of
2049 values.

Explanatory notes to Option 14.

(a) The ties history of a computed action can be plotted by setting

this motion as the object action through Option 7.

.

[ Option 15. Compute Amplification Spectrum.

-

Operations perforasd

(1) The amplification spectrum between any two sublayers in a given
soil system is computed.

(2) The maximum amplification and the corresponding period are printed.
(3) The amplification spectrum any be plotted and printed--optional.

Data Cards

let Card-(515, FS.0,8H6)

Cols. 1-5 LIN(*) Number of first-sublayer..

Typeoffirstsubger,6 LINT
0 - outcropping sublayer
1.- sublayer within profile

11-15 LOUI(*) Number of second sublayer.'

20 1DTP Type of.second sublayer
0 - outcropping sublayer
1 - sublayer within profile.

25 KP Select for plotting: ,

O - Store spectrum for later plotting.
O Maximum of 8 spectra can be stored.

1 - Plot all spectra stored since last
plotting.

.. . .-.
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26-30 DFA. Frequency steps. 'the amplification f actor is
- computed for the first 200 frequencies with ~

-'

interval DFA c/sec. beginning at 0.

12-78 IDAMP(I) Identif.'. ' ion.

\1 Explanatory notes to option 15.
'

~

'

(a) The amplification factors are computed from the first sublayer
to the second.

(b) See section 2.2.:-

Option 16. Compute Stress or Strain History in the Middle of Specified
.Sublayers.

|-
Operations perforand

: '

(1) The stress and/or strain time history in the middle of any two
!

specified sublayers are computed.

l (2) The computed ties histories may be plotted or punched on ca m .

Data' Cards

let Card (515,710.0,5A6)

Cols .- 1-5- LLL(1) Sublayer number. The stress or strain history
L .is computed on the middle of tho'sublayer.

10 LLCS(1) Select type of response: ;

O - strain
1 - stress-

15' LLPCH(1) . Set equal to 1 for punched output.
~

20 LLPL(1) Set equal to 1 for plotting'..
21-25 LNV(1) Number of- values to be plotted; W== of 204

4

26-35 SK(1) ~ Scale for plotting-i.e. maximum value of '
ordinate. -If blank, the largest value1in the
response is set as the maximum value of the

: ordinate.-

37-65 ID(1.) ' Identification.,

2nd Card.' As for Card 1 for second sublayer. Use blank card if only
one response is to,be computed.

,

|

.
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,

6. EXAMPLE RUN"

6.1 Selection of soil system and input action.

-An example problem is shown in Fig. 6. Maximum accelerat. ions, stresses

and' strains in the soil deposit and. response spectra for the surface accelera-

U ' tions are wanted for a magnitude 7.4 earthquake occurir.g 100 miles from the

site.

Based on the relaticas given by Seed and Idriss (1970), the soil system
'

~shown on Fig. 7 was selected for analysis. The factors used for clay are ,

1

equal to the undrained ahear strength in kips /sq. ft. The factors for sand

are estimated from relative densities and content of gravel.

The action in. rock for a magnitude 7.4 aarthquaks -100 miles. fros the |

~ causative fault is estimated to have maximum acceleration of .023 and a

predominant period of 0.65 esc (Schnabel and good,- 1972; gead et al.,1969). f
. .

EAmong the available strong action records, the Pasadena record from the 1952

Kern County earthquake esaas to have characteristics most similar to those
~

,

!L
,

Leesired.)The magnitude of the' earthquake was 7.7, the record was obtained
|

L
!

some 75 miles from the- fault, the maximum acceleration was 0.0573 and- the -L lL

. predominant- period' was ' 0.65 sec. Modification of this record to give a maximum- |
'

1

acceleration 0.023 gives the desired chcracteristice for the motion in an ! j!i

l' outcropping rock iornation near the exampleisite. ; a|
3

q
. .

f
h

v

.

, . .
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Depth Soil Deposit

0- :. . .
,: /. ; .(.;- Sond Dr a 45 %, . , .

Cloy su = 250 psf

-

Cloy su = 750 psf

Cloy su a 1150 psf

:. . . ';
....o'..

50 -- . . ' - Sond with
' ' ' ' . ' some grovel
,,

'.' ' '
' . .-

o y
Cloy Su s l400 psf-

A
_

[[
Distance from cousative-
fouu 100 mues-

Cloy Su = 2000 psf-

- 100 -- '
.

Earthquake magnitude: 7.4

Clay Su = 2250 psf

W.L. /
-

_i- ,
-

#'#'#
Vs 8000 fVsec1| Rock a

Fig. 6 EXAMPLE PROBLEM

h.

M - p

. . . _ _ _ _ _ _ . _ _ _ . _
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|

son
t

,

: Depth' Soll type Factor -
<

~

2 0.7 \ \
<

l_

l O.25 9
'

),

-

i O.75
,

"
-

i 1.15
|m _

50 - 2 1.25
i:
I

'
M -.

I l.4- ;-
,
d-

!
'-

Motion in outcropping rock 4

| 2.0. Posodeno record from
--!

;-
>

the 1952 Kern County
earthquoke scaled to y

10 0
-

0.02g monimum occel- .j
b ,, l' '' ' I'" ' i

| 2.25-

L
-

|:
ffHolfspace V, = 8000 /sec

.

L
'

L- 1
.

h,'
.

L

L

L .

Fig. 7 SYSTEM .USED IN THE, ANALYSIS.OF THE EXAMPLE
PROBLEM-

t

f.
'

-_ _ _ ____ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _, ___ .. . _ . ,
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6.2 Input data for the analysis.

..

, j '.
'
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i '1. j -
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6.3 Coupoter output from the analysis.
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7.2- Abstract

The progran computes the ' response in a horisontally layered soil

. rock systes subjected to transient, vertical travelling shear waves. The
imethod is based on Kanai's solution to the wave equation and the Fast Fourier

Transf orm algoriths. The action used as basis for the analysis aan be
i LL applied to any layer in the system. Systems with elastic base and with
9 L

,

variable damping in each layer can be smalysed. Equivalent 11asar soil b

'

properties are used with an iterative procedure to obtain soil properties
i

compatible with the strains developed in each layer. A varied set of [

operations of interest in earthquake response analysis aan be performed.
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SUPPLEMENT TO COMPUTER PROGRAM SHAKE *
' '

by

T. Udeka and J. Lysmer

September 1973

Suggested corrections are shown framed on the attached segments of

subroutines SHAKIT, EARTHQ, CXSOIL, MOTION, STRT, UTPR, RESP, STRAIN,
.

REDUCE, TFT, RTa~( and RFSN of program SHAKE.

The purpose of these changes are:

1. To decrease the executior time by up to 50% depending on the

t ype, of problem to be so:.ved.

2. To redefine the complex modulus from G* = G(1+ 2iB) to j

G* = G(.', - 2 6 + 1 2 S d - 6 8). -2

'

('Ais change only influences subroutine CXSOIL ) :
*

'
Input and out,'uc formats are unchanged by these corrections and

response values will dif fer only slightly from those in the published *

test example, see page 16. ||
!

11

E

i'

9

*" SHAKE A Computer Program for Earthquake Response Analysis of Borizontally.
Layered Sites," by P. B. Schnabel, J. Lysmer, and H. B. Seed, Report No.
EERC 72-12. Earthquake Engineering Research Center, University of
California, Berkeley, December 1972.
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.i

C P403 RAM SH A<E P (INPUT, OUT 8JI, PUNCH)
:| I C

C***********************************
C.***********************************
C

C
'

'
C THIS 8000R:.4 C09PUTES RESPONSE IN & WORISDNTALLY LAYERED SEMI-
C IMFINITE SYSTEM SJAJECTE0 TO VERTICAL.Y T4A VELLING SHEARWAVES
C THE Mein 00 IS BASED ON THE C09 TIN 305 53Luf!ON TO THE SHEA4 DAVE
C EQUATIOs
C -

C PROGR6MMEO 3Y DE9 R SCmnAHEL RESEARCH ASSISTANT ,

C' JOHN LYSdLR ASSOC! ATE PR0rESSOR
.

I
C

C GEOTECHNICAL EN31NEERING
C UNIVERSITY OF CALIF 0cNIA
C REH<E.EY

; c |

C
C PR03 Rad VEDSION SHA<t1 JANUARY 1972
C SMAst? APHIL 1972 |

l C JUNE 19T2
C- CHANGE - OP113N 7 CORRECTED
C - SUBROUTINES STEPG AND FFT ij ,

:C ADAPTED TO UNIVAC COMPUTERS i

{ [ C DECEMBE+ 1972
'

C CMaNGE - SuaR0VTINES OHCTSP ann STRATA
.C strILMb;W 1973

|
C CHANGE - SUBROUTINES SHAKIT,E=nTHQ. 1

C CASOIL. MOTION.STkT.STRAlv l
.d

C- RE3UCE.UTPR. RESP FFT.RFFT ANC
-i .C 4FSN.

C ExtroTION TIME RE00CEO Hy UP
C TO 50 *ERCENT.
C C0dPLER SNEAR 4000LUS CHaNGEC |
C FWDM G(1.+!*2.*RETA)
C- TO G(I.-2.*RETA**2+I*P.*RETA*
C. SQRT(I.-uETA**2))

l C
'

C
i C

i C*****-****************************+*
i

C-*********************************** '

Cy
| C>>

C
l- C OE FI rJI T I O'4S

C INouT *0 TION MOTION HEAD IN F10d CARDS
C. 3HJECT MOTION s MOTION USE3 A9 6 ASIS'Fod~ COMPUTING NE*
C MOTI3NS IN A SOIL PROFILE
C ., C04PUTE0 M3 TION = woTIJN COMouTED ANYwHERE IN A OIVEN SOIL'O C SOfL PROF 1.E FROM A GIVEN OBJECT MOTION

'

1

e s , - - . - - ,
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*

SUS 40LJTINE SMAK)T(X,AK,aa,5.!NV)
C

C ... . . e . .....e e e e o e e o e o e e ee e eeeeoeeee-

- THIS 40.sTIME CALLS THE DIFFERENT SE30ENCES OF OPERATION.15 O!FFERENT
"

C OPCha110 45 C AN BE PERFORMED A5 LISTED SEL0w,

.--_:. . . _ . .. . ' . . . . . .: . | | . . ' . ~ '' ' ' . ." ? 1
+

- -- -

' ~' ' -

.-

<

I
~

INTEGE4 TITLF TP' '

COM*(. E A x. AA

COMPLEA G. V. PLUS, MINUS
DIMEN310N A 8 515 (10 ) , ao SP R (10 ) , aH SCai(10 )
D I M E N 510*J LL(3)e LT(3),LNSW13)
(SIMEN AION LLL (di e LLG5 ( ?) * LLP CH ( ?) ,wtPL ( 2) ,5K ( 2) e LNV (2)
)]MENSION A(300),Ax(3,270) 4A(2,550),5(70),1NV(70)
7181EN510N LL5(15)e LT 5 (15 ) , LP 5 ( 15 ) , LP ( 3 ) j.

10 *tE NS I 0te IDASP(9.11) F

| n;,% 4 4tu, ,)wvg33 g ,

'

(, v r. ..v ., t r a u v u n , M 47, i t T E ( $ ) , o T . Ma e M*A, DFewXL
C LIMON /40lLA/ I nH r (6 ) ,8L ( 2 0 ) ,vL (20 ) , r t.CT ( 2 0 ) .M (20 ) ,R (20 ) ,aF ( 2n )0
COMMO4 /;31LB/ rAC(20)e *L(20 , TD(20), DEPTH (20), ef EIGHT ( 20 )
C Ut190'J /531LC/ MSCI6, mal
C090 J - /cSUIL/ G(20). V(20)e ptJS(20)e MINUS(20)
COMMD'a /t:6/ 10t9.111. T(2040) |

CU'4wo i/F u:VT / .N i J T , N Z t. R 0 |

O4
t

DATA idL4N6 /6d /

DATA (ABSIS(!),1:1,10)/6m TIME .6 MIN-SEC e6 MON 0s efe6H /
u

'

I ,

'~~ ''

.- L -. .: .. .. : . .

? - -
.. ..

,

71 00 74 1 = 1 Mr0LD |
.74 a(1) a x ( 1 ) e ir r

1f4EW s IN, '

73 IN.a NF w ,

XF DT, STVEWA41NT 7ono. NEw . , ,
J F (I N.NE .1 ) 63 TO 7b i

'

DO 77 Ils).MFDLO
A R (1, I l l =1 (! ! )

77 CDNT19Vf '
76 C 0 tJ 1 1 'Jilf

Di, a OTNEw j'

OF s 1./(MA*0T)
GO To'10)

/' ; :; .;'; ' - : " ., . :. / \. , . . ...

.. . _ _ _ _ _ _ _ _ _



" " " "" '"' " . . . . . . . . . - . . . . , - - - - - . - _ _ _ _ _ _ _ _ _ , _ _ _ . _ _ _ _ _ . _ _ _ _ _ . _ __. __

8~'
to PRINT loto.gK

READ 100ne,IF4
CAL 6 4EDt<L(!rg,x.ax,gt)

~

mMM())sdr
MWJi ( g l a n .

O- MMM(31so
CALL FFTeX.MMM,1NV,S.O.1FERR)
av 10 40)

C
C*********

11 PRINT 1161.gM
READ 1000 IFR

_
CA'.L INCo(IFR XeAXeLLI
MM4(1)sMr
MMM(glan
4Mf4 ( 1) s 0
CALL FFT,v.MMM.!NV,5,0.!FERy)
00-TO 10)

C
C*********<

- - _ _ . . . . . . . . . . . . * * .. ~. -.. ....? ?* :'.2 ..
'

'
. ,

'

14 PRINT 14.94,KK

REA) 1006* NS(!** NNt NSa
*19 m 19 a 1

{ CAL; 4F SM ( A M E . I VV . 5, I F E R 4, .2 ) 1

IF (91.LE.L.), NN s MMi./NStID
IF (NN.GT.2044) NN * 2069

-,

NN NN NSKID

9:' Ns a
00 116 Is!' NN. NSK!P
N: 4 - + )
T(N) =-FLOAT (I-1)*01

136 CDuf!1dE
Ns O
Ms HM/P
00 13e I : -l e t
N N-+ )
AA(NP N) s RE AL (X (!))
Na N + )

AIMA3(x(!))A&(NP,N) :
130 CONil JUE

IF (NSKto.EO.1) '30 TD 135-
Na 0
00'134 Ie 1,NN ,NSKIP.

N s N + 1
4A(9P.N) s AA(N#,1)

136 c0NTI'UE
I 13% Cat. 4FFT(AoMKeINVeSol>ER4e71 |

00 131 I = 1,5
131 10(NP,1) TITLE (I)e

00 132 I s bell
ID(4P.I) : In9T(1-5)
IF (NSN.E2 0) In(ND,1) !$ LANK

13R CONTIIVEe- IF (45*.r3 1) GD TO Ici
CALL PLOT (NDe N, T, a4. A3 SIS. 10 O., 2, N)

NP s4
GO TO 19)

.

I

-''''''o ..ii.' .1 . '..,.
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SUAROVTINE E AF T HQ ( X,' AX , A A,5, INV I 8" I

|C; - '

: Co * * * * * * * * ** * * * * * * ** * * * *** 00 * * ** * 00 0 00 0 0 000 00 00 00 0'00 * *0 0 0* ** 000 00 0 * 000 *
C- ..

'
r, T F. 5 %UTIVE * FADS THE MOTION IN THE TIME DOMA!N, ADDS TRA1 LING

"

// . Zl t r$, SC ALES THE V ALUES, FIND MAXIMUM V AL U E AN D t VAR IOUS PAR AMETEP S |

A . A* D T6 tN SF E L - _ THE M3110N INTO THE FRF OUE NCY DOMAIN.
'

l

INT F GFO T I T L'E. ;

C OMP LE X ~ X, AX ;
,,-

01 MENS ION X P (8 ) _ _

DI ME NSI ON ' X t 3001, AX( 3,2 701, AAl 2,5 50 ), S (70 ),1 NV t 701 4

C PC,f.9 / EQ / MF OL D, MA 2, TI TLE ( 5) ,DT L MA ,. MMA, DF.,,,MX |
( ?s*V0t./ F E C UT / N CUT . N Z ERO |

: |

.P12 = 6.28
P E AD 1001, NV, . MA , DT, T IT L E ;

,

, , )

'7
,

X( 1 ) * Xr30 X(!) =
'XHAX'= XM*XF

.
* T v. A X = F t r AT ( f X v A X-1 1 * 0T - !"

'

, PJ'i t T 2014, XM, T% X, XF , XMA X" '

r:
T * t. t? T r F T ( X ,8X , l P V, S ,1 F F R C ,1 ) J,

T= X(14=s O '. ;

,. | : C ; _ ,

y ; q.- -

AFv.0VE F:,EQU Et*CI ES A40VE FMAX AND FINO MAX. ACC. Of ,

. , F t E0' = : 0.
_

;-

SXX = 0. -

e sF x = o.
"

[- t -e tit = 0 | '

-O')=33 1 =-1,WF7tD
. . . I F (F6 50.L E .FMA X I 60 TO M a

,[' tCUT=PCUT+1_ j
L :X( I l = 0. 0 ]

,

,.

p',, 34 fr>lTIMUF
XA z. CARS (X(Ill 7], > "

S X X= : SXX + XA* X A
. 5FX:='SFX + FFEQ*XA*XA'

f. A X ( 1 ~,1 ) . = Xt!)4

-
,

l' ' FREQ = FRFO + DF
P 33;CDNTINUE'

SF X = SFX/SXX
|t r.isT =MF CLD-NCUTm 1

NI F #"= NCUT + 1 j'
,

4 PF1NT 2005,SFX
U,

Q f L L L 0 F S N ( X , WK ,14V,5, I F C C $,g -il' | }j
l" ?F ( pu t. X . r, T . F 8 E O ) *F TURN

k
'

I,

| -T A LL XNX( X , FA, XM, NXu AX)
' ~ _ LDP 72 1 = ~ 1, MF OLD [|'

',

'

.

:72'X(!) = AX ( 1, I l .

'

P * 1 NT. 2001, XM, F M A X'

!
;

. ,

U.
, . - . - - . - . - - . . . . -
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1
.

_SUBP00TI NE C XSOI L (Nil
C

C a * * * * * * * * * * * * * * * * ** * * * ** * * * * * * * * * * * * * * * * ** * * e e e e e e e e e ee e ee e e ee e e e e e e n s e
C .

C TH1$ PnUTINE C ALCUL ATf 5 THE COMPLEX Soll PROPERTIES AND TR ANSFER
C FUNCT!nNS FOR THF L AYF*$
C
C N1 = NUMB ER CF S01L L A f EP.S
C PL = R ATI O OF C#1TI CAL J'-JP!NG
C GL .= $HE AR MODULUS
C R '= OENSITY

-C G = COMPf.E X - SHE AR M000tUS
C V = C0 %P L EX SHEAP WAVE VELCCITY*
C PLUS = COMPLEX TR ANSFER FUNCTION
C MINUS = COMPLEX TRANSFEP FUNCTION
C
C- . CODED 3Y PER P SC HN ABE L OC T 1971
C
ceseseeeeeeeeeeeeeeeeeeemonesseseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees

.C
" C OMPLEX tG, V, PLUS, MINUS,-MU

COM*0Ni/531LA/ 10N T( 6) ,B L( 2 0) ,G L ( 2 0) , F ACT (2 0 ) , H (20 ), R(20 ), 5F(2 0 )
C OMMO*J / C5 01 L/ G( 20 ) e Vt20), PLUS(20), MINUS(200

.

C-
P =~N1:+ 1
nc 1 t= 1.N '

GIN A G= 2.* B L ( ! ) .GL ( ! ) * SQR T ( 1.-B L E I ) * BL ( I I )
GR E AL = GL ( ! ) * (1.-2 .*B L( 1 ) *BL ( ! ) )'

"G t ! ) =C *pt X (GPE A L, G18 AG )
Vi ll * L b g K I IIst ! 3 / M i l s # -

1 CONTINUE.
00- 2 1 = 1, N 1

J= I+1,

# U = C SQRT( P (T ) /R ( J).G (11/G (J) )
PLUS(1) = (1.~+-MU)/2.
NifluS(Il= ( 1. - MU l / 2.

2 C ONTINUE
FETURN
END-

.

t

..

|

- _ _ - - - _ _ - - _ - - - - - - - - _ _ _ _ __ -



Sy I
,

i
'

I :
'

1

I
- S UBo 0U TI NE POTION (N1,!N,1NT,LL,LT, X,AX) '

-

!" TC' i !

Lg....._..........*................... !
. . . .. . . . .. .

'C. THIS PUUTINE' C ALCUL ATE S THE MOTION IN ANY TWO $0!L LAYERS OR IN
C ROCK FROM MOTION GIVEN IN ANY LAYER DR IP ROCK

|
, c' '

'

C N1 = NUMBER OF SOIL L AY ER S E XC LUDI NG R OC K
' C- I N ' . _._ ,=, NU MB ER _Q_F_LlY ER W HER_E. . OBJ E_C_T_ MT ION I S &_I V.EN... i'

..

C INT = M3 TION TYPE ' "

C IF EQ 0 OUTCROPP!NG LAYER
C. LL() = NUMBER OF L AYERS WMERE OUTPUT MOTION IS W ANTED-

,

C MAX 3 LA YF P S
C LTI) = MOTION TYPE

!- C _ . . 0_. _. QUI.CAQ P.P_ LNG L A Y E R ___ . _ _ . . _ ,. . _ . . . _ _

C" 1 - LAYER WITIN PROFILE4

C X() = OBJECT MOTION "
4

!C AXt ) = OUTPUT MOTION
i - C

C. ,

L . C; = CC DED BY; P ER 8..S.? tif( A.B(L OCT 1970 . . _ _ _ _ _ _ ,

C**********************************.
C-

INT EGER LL (3 ), LT(3) | ,,

INTEGER' TITLE >'

COMPLEX AA(3)
.

,
'

| C O M P.LE X. X . |.AX __ . _' |
"

_ . . .

C O MPLE X G, V,1 PLUS, MINUS! ' , '

,

4 COMPLEX E, F, E E, FF, A, EX, A!N, IP ! 2
.

> >

DI MENSION X(300), AX(3,270), S (70 ) ,1 NV ( 70 ) - i
' COMMON -: /ED / - MFDLD,MA 2, TI TLE ( 5),DT, MA , MMA , DF , MX '

C OMMOtr /S0!L A/ I DNT ( 6 ), BL ( 20 ), GL ( 20), FACT ( 20 ), H( 20),R( 20), bF ( 20) l

E SMMON 1E SDI L/ G t 20) . Vt201. PLUS(lQ1;_BIMyljl9)
_ _

COmwoN/FRCUT/ NCUT,NZERO |
' i |

C
'

.!P!2 = CMPLX(0., 6.28) |
DO 20 L =L 1,3

~

" F '(LL (L ' .GT . 0 ) AX(L.1) = X(1)
JF(NCUT.l!Q.MFOLD) GO 10 20 ,

00 ' 30 !=NZ ER O, MFOLD '

AX ( L ,1 )s CM PL X( 0., 0. ) -

30 C ONT"NUE'
2 0 CON T ,lN UE

. FRFO = 0.
~~ ~ ~ ~ ~ ' '

nl 09 19 ! = 2, NC UT |
Fe 1.
F F = ' 1. -
FREQ = FPEG + DF-
A= FREQ*!P!2 o
DO 191 K = 1,N1
IF (K.NE.!N) GO TO 192 ,

s '

.. . . _ _ _ _ _ _ _ . - .



s- 8

SUBROUTINE S TQ T t 1 T, N1',0G MA X, PP MUL ,X, &X, A A, SF,1 NV)
C

C-

C**********************************'~

C TH15 'OllTINE -( ALCUL A TE S ST8 AI N IN THE M100LE CF E ACH L AYER AND FIN
C .NEW SC1L PROPERTIES COMP AT IBLE W11H THE STRAINS
C

-

. . .

F

COMMON /S01 t DG/ S (9. 20 ), AS(9,20), BS(9,20), NVt99
C OMWON '/C SO: L/ Gt 20l e Vt20), PLUS(20), MINUS (20 ) -

L, r ow-cu/ r Er u"/ sco" .NZERO I

- 01*FNS10N TMAX(201, EN AX (20 ), STR ( 20 ),

O!MFHSl?N X( 69), AX(3, 64), A A ( 2,12 8 ) , SF t 10) , thV(10)
-C.

l e >F OLDDD 43 I =
Rbkt(X(11)& & ( 1,1 ) =

A! MAG (X (Il l4 3 A A (2,1 ) =

OS 1 1= 1, MF D LD*

AX(1,II/2.#X(2,1) =

1 A X( 3,1 ) = ~ A X t 2,1 )'

P ! 2= 6.28 3
3 P12=C MDLX (0. , P 12 )
GT = 32.2'

00 2'K r 1,N1
FrEO = 0.

,

.X(1) =0.

O -FF = GT/(IP!2*V(Kil
'FF= Hi K 1/ 2. 81 PI 2 /V( K)

1 00 20 . 2.NCUT \
FP E0 = FREO + DF

.

EX = C EXP(FF E0*EE)
X(!) = ( AX t 2,1)*EX - AXt 3,! )/EX)*FF/FREQ

f lE X * F X* C X
E s'AXt2,II*EX

,

.F = AX t3,1 )/ EX:
A XI 2,1 ) = P LUS( Kl * E -+ MI NUS( K) *F
A X (3,1 )=o DLt!S(K )* F . + M INUS( K l*E

120' CONTINUE
EM A X(K ) =-0.
!F(NCUT.EO.MFOLD) GO TO 22,

DD - 12 2 11 =''Z EP. 3, MF OLO
X ( ! ! )= C v P L X ( 0. , 0.1

12 2 ' C ONT1*'UE
>> rovitvor

C-
C DETERMINE MAX. STDAIN BY INVE# TING FOURIER TR ANSFORM OF STRAIN
C INT 0t THE T1ME=D? MAIN-
c
I C A LL * F SN( X, MX , T N V, SF ,1 F ERR,-2 ) i

,

C A LL X MX (X , N A, K M A X, N XM AX )

.



. _ . _ . . . . - . . _ _ - . . - - . - . . _ . . . . - . . . - - . - . - - - . ~ . . . - -
-

s-9 L ('

$1!OFOUTI N F U TP t ( K K,D PTH, L S, K2, LH , LT e X, AX, A A , S, ! NV) |
.Ci

s .

C
.

-Co**********************************************************************

'[ tI THI S F30 TINE T*LN SFERE S THE' VALUE S I N AX(LH, ) INYC TFE T IME DOM AIN
'' - IN X(- ), PRINT S AND PUNCHES Duf THE RESULTS.3

' ,l 'C
*' *

, o

.

C
FREO = 0. "
-SFX = 0.
SXX = 0.

-C TF A NSFORM VALUES' IN X OR IN- A X 1NTO THE TI ME00 WAIN
09 24 1= 1,4 FOL D l

,
IF-(LS.EO.0) GO TO 241

L S AVE =- X(! )
AX(LS,il: X(!) =

'A X( L S,1 ) = SAVE.
241 X A = CABS (X(Ill !

SXX= SXX + X A* X A
SFX= SF X + XA *F* F Q * XA
FREQ = FREQ + DF

24' C ONTI NUE -
SFX = SF X/ SXX.

-(c;
.

I EALL E F 5N i K. MK . I N V. S . I FE P P . -2 I.

l

! !
-

P UNC H 2009, ( XR ( J) , J= 1,0) ,1
-1F (K2 .EO. 2), PR INTT 2019, (X*(J),LJ = 1,8), !
NN = 4 + NN .,

.N-s N:+-4- j"
-

*'

76 C ONT ? >f tlF -

~ l 262 C A LL O F F T ( Xi MX . I N V. S .1 F E R D . 21 - I' '>

IF-(LS.EQ.03 G E TUP N l
00 27 i = 1, MFOLD

? - SA VE = A X( L S,1 )
= X (! )AX (LS ,1 )

27 X(!) = SAVE:
RETURN

. .

$

0
.

4

. . . - _ - - - - - - - , , _ . - , _ . . . , .n,_ . _



- . . - . . . . . - - - -- -- -
.

.

h1

,

S- 10,

)S UBFOUT IN E P ESP (L L,LN,L S,NN e X, A X, A,5,1NV)
C- .

'

C * * * * * *'* * * * * *-* * * * * * * * * * * * * * * * * * * * * * * -|

/(~g
C. TH15 PROG' AM F EADS Otf A FrP1 RESPONSE SPECTRUM ANALVSl $ |

f C NFC E S$an Y SUBP 00 TINE S DRCTSP, CMPMAX, PLOT 1:

C

F ESPONS E SPECTRUM NUM BER |C kN =

C NO = NUMBER OF DAMP!NG VALUES |
C KAV = SWITCH ;
C' EQ 0 ACCELEF ATION SPECTRUM ;
C FQ 1 VFLOC I TY - SPEt itVM
C FQ 2 ACC. AND VEL. SP EC TRUM '

C KPL = SWITCH
C FQ 1 PLOT F F SPON SE SPEC TR A AC COR0! >G TO KAV
C KP = SWITCH
C F0 0 NO PUNCHED nUTDUT
C tE0- DUNCHED OUTPUT ACCORDING TO KAV
C X = F OUR ! ER TRANSFCRM OF CBJECT MOTION
C: AX = F OUP ! EP TP ANSF ORM OF COMPUTED MOTI ONS
C DW. * PEP 100 ST EPS,_

C NM- = NUMBER OF EACH STEPg

L C T = P Eo.!ODS WHEP E PESPONSE I S TO BE COMPUTED
L C
:

4.

) 101 T(1) .001:= -

C S AVE V ALUES IN X IN AA
00 11 1 = 1,Mr9t0
A(1,1) = 8 EP L( X(! ) )
:A(2,1) =1eiMAG(X(!))
I F (LS.EQ.0) GO TO'11 c

X(11 = AX(LS,1)
3

11, C ONT I NUE '
C- 3

C- TF ANSF00M V ALUES IN X OR AX INTO THE TIME DOMAIN
ji [ C f. L L W F 5 N I X , MX 3 1NV,5,21 F E R P , -2 )J

0 0 13 L = ~ 1, NDL

I- .3F (NN.GE.5) NN=-0 |

NN'-= NN + 1
004131'-! = 1,5

' 131 ID(NN,I'l'a-TITLE (I)
001132 i = 6,11

':10 (PN,11 - = - 7 0NT ( !-5 )
!F (L S.E Q. 0) ID(NN,1) = ISLANK

132 C ONT INUE-

.

O

_ . _--



_ _ _

_ _ _ . . .

s -11

SUB5 00T INE STR AIN ( LL, LGS, LPCH, LPL eLNV,5K e x, A X, A A,N1,$,1 NV) |

C
c... .... ............................ |

|

THI S SURROUTI NE C OMPUTES STR AIN AN0/ OR ST RESS TIME-HISTORY AT THE
TCP OF ANY LAYO FOR A CC EL ER A TION HI STOR Y KNOWN I N A NY LA YER

C TWO RE SPONSE HIS T OR I ES ARE COMPUT ED IN ONE RUN
C

e .=, - , _

I NT E GF R T I T L E, T P
C OMDLEX X, AX
COMPL EX G, V, PL US, MINUS
C OM*L EX E,F,EE, A,AH,IP12, AE, A F, E X, A l
DI MENSION AB S1 S(10)
OlM ENS I?N AE(2), AF( 2)
DI SE NSION X (1), AX (3,11, A A ( 2,1 ), 5 (1 ),1NV ( 1 )
DIMENS!ON LL(2), LGt(2), L PC H ( 2 ) , L PL(2 ) ,5K(2 ), L NV(2 )
C OMMON / S OIL U I DNT ( 6 ), BL ( 20 ), GL ( 20), F AC T ( 20), H t 20) ,R( 2 0), BF ( 2 0)
C CMMON /SPILB/ FAC(20), WL(20), T P (20 ), DEPTH (20), WElGHT(20)
COMMON /C50!L/ G( 20), V(20), PLUS ( 20) , MINUS(20)
C OMMON /FQ/ MF OL D, MA 2, T IT L E ( $ l 0T , MA , MMA, OF,MX
COMMr1 /C G / 10 ( 0,11 ) . T ( 2 04 9 )

! I C OMMON / F E CUT / NCUT.NZERO I
* ,

1 P12 = CMPL X( 0.,6.283)
GT = 32.2
A X( 2,1 ) = 0.
AX(3,1) = 0.. .

F REQ = 0.
_.!=1,10)/6H TIME ,6HI N SEC , 8*0 H /

,

DA TA ( t B SI S(1),
.. .

A I = GT / I P 12
,

,

1
ST ARTING A T THE SURFAC E THE STRAIN I S COMPUTED SUCCES$1VE LY DCWNWARO I*

Fr R EACH FREQUENCf
DO 1 l =2. NC UT l
E = AK ( 1,11/ 2. ~~

. .'
.

-

: ..
. . a. . + . ;

.
. .

On21= 1, M FOL D :

= X(1) [
2 1 X( 1,1 )

00 3L= 1,2 .,

?F (LL (L) . EC.01 GOTO3 |
_- X ( 19 m O.
f 00 31 f 2,NCUT ~ "I !

'41 11 T 1 x AYf| +1 ]}

IF(NCOT.EO.FFOLD) GO TO 33
DO 34 !! ANTE 90,MFOLD

!X( 11 ) =C MPL X( 0. ,0. )
34 C ONTINUE
33 CONTINUE

CPLL R FSu ( X, MX , IM V,5,1 FF R R ,-2)
D0 32 1 =1, vFPL O

_

.

8A(L,2*T-1) =D E AL ( XI I I )*100.
,

O32AA(L,2*!) AIMAG(X(II).100.. .

. 3 CONTINUE

Ii



, . -. . . , ._. - . - - . . . - . . . . . . - - - - . . . - .

S- 11
'

S UBROUTINE P EDUCE (IF R, X, / X, LL I
~C

"
C

' - 'C***********************************g' -

t - C THIS ROUTINE INCREA SES TIME INTERVAL AND REDUCES NUMBER OF V ALUES
-

C
C
C T FR = DIVIDING F ACTOR ON LENGTH OF FRECORD'
C MULT ! PL IC AT ION FACT OR ON T IMEST EP J
C

_

M U S T BE A - PO WE R OF 2.
i.

C DT TIMESTEP IN SEC.=

C OF = FREQUENCY STEP IN C/S EC. '

C- PL = - NUMBFR OF POINTS USED IN FOURIER TRANSFORM l

FOURIER T RANS FORM OF OBJ ECT MO TION !C X =

C AX = F OURI ER TRANSFORM OF COMPUTED MOTICNS l
C

,

C 1

1C CCDED BY P EP B. SCHNAB EL DEC. 1970. ;
C "GDIFIED SEPT. 1971 <

C
C'
C***********************************

,,

C

INT FGER T ITLE,.

C OMvCN /EC/ MFOLD.FA2. TITLE (5),DT, MA , MMA, OF MX
l CC MMCY /F#C UT /- NC UT eNZEPO ,|-

- C GMDLEX X, < AX
DIMENSION X( 6 8) , AX(3, 64), LL(3)

' *

F 1- = . 5/ 0T :
-/] FW = F LOAT (I FR I
-(d DT = DT*FP

. P A = ~ M A/ lFR
PMA v - HMA /1 F R
M A2 = MA + 2

.

MF OL D = -- 'l A 2 / 2 -
N = MF OL') + 1
HDO,12 ' ! = MFDL D, N
X(1) 0.=

C

00;12 L = 1,3
I F ' ( LL( L I . LE.Ol' G O TC 12
A X ( L ,1 )~ = ~ 0.

<

12 CnNTINUE
' MFOLD = 1FCLO + 1

F2 =- .5/ DT
- P R I N T ' 1000,F 1,F 2,0 T, MA

' FMA = FL D A T ( Ma l
- MX = ( ALOG10 (FMA l/ AL OG10 (2. l l-1.

I F - ( M6. LT. 2* *( M X+ 1) ) MX = MX+1
I F ( NCJ T . L E .P FOL D) GO-TO 15'

' NC UT=MFOLD
15 CDNTINUE

- F.E T U P N

O

_ . -- _ _ _ _ _ _ __
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' 5UBPOUTINE FFT ( A ,N,1 NVe $,1 FSET,! P ERP )
: 0IMENSION A(1),1NVill,5(1),N( 3),M( 3),NP(3),W( 2),W2( 2),W3(2 6

|3 ., E00tVALFNCF (N1.N (1 ) l e (N2, N(21 ), (N),N(31)'

.h m1=P(ll ,

M2 = M(2 )
.

U ''

P 3=M( 3);
; c" MTTaM1-2

MT =M A X012, MT T)
-

*
' NfepaeMT

10 -IF ( I ABS ( I FS ET )-l l 610,610, 20 i

610 . M T =MA X0( Mi ll ,P( 2) ,M( 3) l-2"

MT = M AX0 ( 2, MT ) !
'

t I F' (MT-2 01 630,630,620
620 1 F EP P.= 1

,GO'TO 6004 i

l 630 I FER8= 0
,

r
"' '

<.

q;c

[i :30 I F E RP'a l -
DRINT 1000
,STOP

'100 0 FORM AT( 31H --- ESPOP IN FOURIER TRANSFORM i
! 40'- IFE*R=0
*

.|C P l=M( 1)
H' 9C P2=N(2)

'

__

. N 2 = 28 8 %2
P A=2** M3

.

31F (IFSET ) - 50,50,70
.150- NX=N1*N2*N3

FN=NX
- 00. 60 '- 1= 1, NX

| A (2*1 -il = A (2*1-11/FN
;60: 1 A ( 2*!)=-6( 2*I) /FN"

,_
- 70 . NP (ll =N1*2 -

i.

__
NP ( 2) =NP( 1) * N2 ,

PP(3)=NP(2)*N3
DO 330 10= 1,3
IL=NP ( 31-N P ( 10 )
1L1=IL+1 .

F

-

p

g:.

_ ,
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Sy

$U$#001INE PFFT (A,M,INV,5,IFERR,1F5ETlj |
Ul*th570h Atll, Ll31, INVill, 5(1) l

g IP3t Ta g | |.j
L(1lem*

. L( 2)e0
L(3) 0
N TOT =2* * M
N TOT 2= 2*N TOT
F N=Nini !

*

06 to !=2,*' TOT 2,2 I
10 t(!)=-AIII'

D O 20 ! = 1, NT OT 2
|

20 A (!)=t (! ) /FP
|

CtLL FFT (A,L,INV,S,IFSET,IFERR)
C

C., "VE L AST HILF OF AtJIS DOWN ONE SLOT AND ADD A (N) AT RCTTCM 70
C GI VI: ARRAY FOR A1 PRIME AND A2 PRIME CALCUL ATION ;

C

*
.

..

|-

i

D :-

O

-

- - - - - - - - . - - - - . - - . - - - _ _ _ _ - - _ _ _ . - _ . _ _ - - , n, -. ,. ,n, . , , , , , - -g ,,,-,n,, e, , - , - - , , , . . . . .
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I_ 50BF0011Pt o FSN - ( A,84, INv, $,1FER' e 1 FSET 9 I
- v i Mt'al ar, r.tU ,Lt31,3NVill,5(1)

-- ; ((g3.u-
L(2)*0

r$I L(3)=0-
t i CT 2** 4

n . t ht 12 -1 |
*

- %1012:TI'21 +f TOT
--

h r.a n ,1 2 + 2
___

t ( NN+ 2 ) si ( N":)
e ( *lN+1 la 2 ( Nt -11
r ,*, = r.T r.T

_

N T O T 3* N T',' T 2+ 4
nt 70 1:3,NToi2,2
d(ll=0.5'= ^(11'

[ 7 0 t ( !+14 = 5 * (1 +1)
On 60 181, NT OT ,2
K en t:TO T 2+ 2-1
A (KR )= A(K8-2)~

- 60 L( Kellea t K8-11
NTer!JTDT/ 2

; t: T = ' T *'+ 1
DE L= 3.141502 65 /F N
$5= 51!!(DEL )-

'_ SC * C15( DE L)
51= 0.
CO =1.0
DC 50 t al,NT

. ,

_

-

.

4

5

E e

4

-

4

.-

O

e

l

_
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"i S- 16 i

f

.. COMPARISON BE1VEEN ORIGINAL AND NEW RESULTS

-

I

The redefinition of the cosplex modulus C* from - -

;

C* = C(1 + 2iB)*

where B is the fraction of critical damping to the improved value

*
G = G(1 - 2S' + 2iB [1- 6 )'

slightly changes the response values computed by program SHAKE. The

following table shows the influence on maximum accelerations through the
.

profile, see page 50 of the original report *.

Depth Original Max. Acc. New Max. Acc.

0.0 0.09377 0.09878
L - 7. 0 0.09259 0.09758'

*

j

( 20.0 0.05934 0.05942

30.0 0.05487 0.05540

42.0 0.05042' O.05037-.

,

62.0 0.04666- 0.04667 }
'

.

80.0 0.03195 0.03140<
,

100.0~ 0.02423 0.02364
' 120.0 0.01793 0;01763
o

|-

all other differences observed were of similar or smaller _ relative
-|

,,

! angnitu,de.

.

I.

o

|
.

h
U

,

. .. . . - . - . - . . .
>


